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The procedure used to obtain separate 
figures for the lipid composition of male and 
female organs separately is unjustified, as it 
involves using data obtained from pooled organ 
samples in which organs of male and female 
origin were mixed. 
The results affected are those in Appendix 
VI and Figures 5, 9, 37, 38 and 43. These 
results should be treated as unreliable so far 
as discussion relating to sexual differences in 








The seasonal cycles in fat bodies, liver and gonads of 
LeioZopisma zeZandica and HopZodactylus pacificus have been 
established and the pattern of lipid storage and utilization 
in these organs, the tail and remaining carcass was also 
investigated. 
Each month skinks and geckos were collected in Central 
Otago. After dissection each organ was weighed and the 
lipid extracted. Liver glycogen was estimated. Four times 
during the year lipid was analysed by thin layer and gas 
liquid chromatography. Microscopic examination of reproduc-
tive organs was undertaken each month. Ultrastructure of 
the liver and enzymatic activity in the liver and tail and 
leg muscle was compared in winter and summer. 
Skinks have large fat bodies which act as a major lipid 
depot. Utilization of stored lipid occurs during yolk pro-
duction and hibernation in females and during breeding and 
hibernation in males. Gecko fat bodies show only slight 
seasonal variations and cannot be regarded as important depot 
organs. 
Liver weights reached a maximum prior to hibernation in 
females and during hibernation in males and decreased in 
spring in females and during spring and the breeding season 
in males. Peaks in liver glycogen occurred in January, March 
and September (females) or November (males). Liver glycogen 
decreased to a minimum at the end of hibernation. Liver 
lipid increased during hibernation due to mobilization from 
depot organs but decreased to a minimum in spring. The 
liver cannot be regarded as a lipid depot organ. An increase 
in melanin pigment, autophagic vacuoles and residual bodies 
was evident in winter liver. Oxidation of fatty acids meets 
the energy requirements during winter. Enzymatic activity 




midsurmner but in gecko liver, enzymatic activity is higher 
in midwinter. 
Males emerge from hibernation with small testes, testi-
cular recrudescence occurs in spring and maximum testes size 
is reached in January. Mating occurs in February and March 
and coincides with the initiation of vitellogenesis in 
females. The period of yolk deposition extends from February 
to September in geckos and from March to September in skinks. 
Ovulation occurs in September and delayed fertilization is 
achieved by spermatozoa which have been stored in the female 
reproductive tract over winter. Geckos produce two young 
and skinks an average of three in January and February after 
a gestation period of three to four months. Structurally 
female and male r~productive tracts resemble those of other 
lizards. 
The tail acts as an important lipid depot organ in skinks 
and geckos. In geckos the carcass stores large amounts of 
lipid but the skinks carcass shows little variation through-
out the year. Fatty acid oxidation provides energy for 
muscular contraction during winter. 
The periods of maximum lipid storage occur in November 
and December in males, during March in female skinks and 
from September to December in female geckos. The majority 
of this lipid is utilized for yolk deposition in females 
and during the breeding period in males. Lipid is also 






I wish to thank my supervisor, Dr. J.B. Pilkington 
for his continued guidance and support during the course 
of this research. 
I am indebted to Dr. E.R. Nye (Department of Medicine) 
for giving me the opportunity to use equipment 1n the 
Department of Medicine and for his invaluable assistance 
and professional advice. I am also indebted to Dr. M. 
Pollock (Departme~t of Medicine) for his help and collabora-
tion in studying enzymatic activity in lizard tissue using 
a sandwich block technique. 
I would also like to thank Dr. S.N. Rao (Department of 
Pathology) for the preparation and help in interpretation 
of the electron micrographs. 
My sincere thanks to Mrs. N.M. Grimmond for her 
encouragement and assistance which was invaluable in the 
writing of this thesis. I would also like to thank 
Professor R.F.H. Freeman and Professor G.H. Satchell and 
other members of the Zoology Department for their helpful 
advice. 
Many thanks to Mr. G. Stokes for the preparation of 
slides, to Mr. J, Stuart and Mr. D. Lloyd for the prepara-
tion of photographs and to Mr. M. Wright for his assistance 







My special thanks to Miss Brigitte Arpagaus for the 
efficient typing of this manuscript. 
Finally I wish to thank my husband whose continued 
help and encouragement has provided invaluable support 




TABLE OF CONTENTS 
CHAPTER 1 Introduction 
I. GENERAL INTRODUCTION 
II. LITERATURE REVIEW 
A. FAT BODIES 
1. Fat Body Structure 
2 . Fat Body Weight 
. 3. Fat Body Lipid 
B. LIVER 
1. Liver Weight - Seasonal Changes 
2 • Liver Glycogen - Seasonal Changes 
3. Liver Lipid 
4. Liver Enzyme Histochemistry 
5. Liver Histology 
C. REPRODUCTIVE ORGANS 
FEMALE 
1. Breeding Cycles in Female Lizards 
2. Seasonal Changes in the Female Reproductive 
Tract 






1. Breeding Cycles in Male Lizards 
2. Histology and Seasonal Variation 
Reproductive Organs 
a) Testes 
b) Epididymis and Vas Deferens 
c) Renal Sex Segment 




























D, TAIL AND CARCASS 
1. Tail and Carcass Lipid 
2. Muscle Enzyme Histochemistry 
E, TOTAL BODY LIPID 
CPiAPTER 2 Materials and Methods 
I. MATERIALS 
1. Animals 
2. Collection Sites and Distribution 
3. Availability 
4, Artificial Hibernation 
II, PROCEDURE 
A. FAT BODY 
B, LIVER 
C. REPRODUCTIVE ORGANS 
D. TAIL AND CARCASS 
III. EXPERIMENTAL METHODS 
III:l Fat Extraction 
III:2 Glycogen Analysis 
III:3 Thin Layer Chromatography 
III:4 Gas-Liquid Chromatography 
III:5 Histochemistry 
III:6 Transmission Electron Microscopy 




















CHAPTER 3 Results 
A. LIZARD WEIGHT 
B. FAT BODY 
1. Gross Morphology 
2. Seasonal Cycles 
a) 
b) 
Seasonal Variation in Fat Body Weight Ratio 
Seasonal Variation in Fat Body Lipid 




Thin Layer Chromatography 
Gas Liquid Chromatography 
1. Seasonal Cycles 
a) Seasonal Variation in Liver 
b) Seasonal Vm?iation in Liver 
Skinks and Geckos 
c) Seasonal Variation in Liver 
2. Lipid Analysis 
a) 
b) 
Thin Layer Chromatography 




























Transmission Electron Microscopy 





1. Gross Morphology 131 







a) Seasonal Variation in Ovary and Oviducal Egg 133 
Weight Ratio, Size and Numbers 
b) Seasonal Variation in Ovary and Oviduca l Egg 141 
Lipid Ratios 
3 . Lipid Analysis 145 
a) Thin Layer Chromatography 145 
b) Gas Liquid Chromatography 148 
4. Histology 
A. OVARY 
a) Ovarian Epithelium and Strama 152 
b) Germinal Bed 155 
c) FoUicZes 158 
d) Corpus Lutewn 165 
e) Atretic Follicles 167 
B. OVIDUCT 
a) Infundibulwn 169 
b) Uterus 175 
c) Vagina 175 
d) Oviducal Eggs and PZacentation 181 
MALE 
1. Gross Morphology 191 
2. Seasonal Variation in the Male Reproductive 192 
Tract 
a) Seasonal Variation in Testes Weight Ratio and 
Sperm Production 















b) Seasonal Variation in Epididymal Histology 
c. DUCTUS DEFERENS 
a) Histology 
b) Seasonal Variation in the Vas Deferens 
D. RENAL SEX SEGMENT 
a) Histology 
b) Seasonal Variation in the Renal Sex Segment 
E. PRE-ANAL GLANDS (Gecko) 
a) HistoZogy 
b) Seasonal Variation in the Preanal Glands 
E, TAIL AND CARCASS 
1. Seasonal Cycles 
a) Seasonal Variation in Tail and Carcass Lipid 
Ratios 
2. Lipid Analysis 
a) 
b) 
Thin La.yer Chromatography 
Gas Liquid Chromatography 
3. Histochemistry 
F. TOTAL BODY LIPID 
a) Distribution of Lipid in the Skink and Gecko 
b) Lipid Components of Total Body Lipid 
CHAPTER 4 Discussion 
1. Reproductive Cycles 
2. Fat Body Cycles 

























a) Liver Weight 2 6 7 
b) Liver Glycogen 2 6 9 
c) Liver Lipid 271 
d) Seasonal Variation in Hepatic CeUuZar OrganeUes 27 3 
e) Metabolism in the Liver 2 7 5 
4. Sites of Lipid Storage 
5. Storage and Utilization of Lipid 
a) Utilization of Lipid during Hibernation 
b) Spring and Swnmer Rep Zenishment 
c) Breeding Period 
d) Prehibernation Replenishment 
CONCLUSIONS 
SUGGESTIONS FOR FURTHER RESEARCH 
SUMMARY 
BIBLIOGRAPHY 














LIST OF TABLES 
TABLE 
1. Composition of Lizard Fat Body Lipid 91 
2. Fatty Acid Composition of Skink Fat Body Phospho- 95 
lipids, Non-esterified Fatty Acids and Tri-
glycerides 
3. Fatty Acid Composition of Gecko Fat Body Phospho- 96 
lipids, Non-esterified Fatty Acids and Tri-
glycerides 
4. Composition of Lizard Liver Lipid 109 
5. Fatty Acid Composition of Skink Liver Phospho- 113 
lipids, Non-esterified Fatty Acids and Tri-
glycerides 
6. Fatty Acid Composition of Gecko Liver Phospho~ 114 
lipids, Non-esterified Fatty Acids and Tri-
glycerides 
7. Relative Activity of Liver Enzymes in Hibernating 117 
and Summer Lizards 
8. Monthly Distribution of Size of Skink Ovarian 135 
Follicles and Oviducal Eggs 
9. Distribution of Ova between Ovaries in Skinks 137 
10. Distribution of Oviducal Eggs and Corpora Lutea 138 
in Skinks 
11, Monthly Distributions of Size of Gecko Ovarian 
Follicles and Oviducal Eggs 
142 
12, Composition of Lizard Ovarian and Oviducal Egg 146 
Lipid 
13. Fatty Acid Composition of Skink Ovary and 149 
Oviducal Egg Phospholipids, Non-esterified Fatty 




14. Fatty Acid Composition of Gecko Ovary and 
Oviducal Egg Phospholipids, Non-esterified Fatty 
Acids and Triglycerides 
15. Theca, Follicular Epithelium and Vitelline 




16. Variation in Lizard Corpora Lutea Dimensions 166 
17. Seasonal Abundance of Seminal Elements in Skink 201 
Testes 
18.' Seasonal Abundance of Seminal Elements in Gecko 207 
Testes 
19. Composition of Lizards Tail Lipid 231 
20. Composition of Lizard Carcass Lipid 234 
21. Fatty Acid Composition of Skink Tail Phospho- 238 
lipids, Non-esterified Fatty Acids and Tri-
glycerides 
22. Fatty Acid Composition of Skink Carcass Phospho- 239 
lipids, Non-esterified Fatty Acids and Tri-
glycerides 
23. Fatty Acid Composition of Gecko Tail Phospho- 240 
lipids, Non-esterified Fatty Acids, and Tri-
glycerides 
24. Fatty Acid Composition of Gecko Carcass Phospho- 241 
lipids, Non-esterified Fatty Acids and Tri-
glycerides 
25. Relative Activity of Muscle Enzyme in Hibernating 243 
and Summer Lizards 
26. Monthly Lipid Losses and Gains in Female Skink 279 
27. Monthly Lipid Losses and Gains in Male Skink 280 
28. Monthly Lipid Losses and Gains in Female Gecko 281 





LIST OF FIGURES 
FIGURE 
1. (A) Skink (B) Gecko 67, 
2. Seasonal Variations in Skink and Gecko Body Weight 83 
3. Seasonal Variations in Skink and Gecko Fat Body 86 
Weight Ratio, 
4. Regression of Fat Body Lipid Weight on Fat Body 89 
Weight for Skinks and Ge~kos in January 
...... 5. Composition of Lizard Fat Body Lipid 
6. Seasonal Variation in Skink and Gecko Liver 
Weight Ratio 





8. Seasonal Variation in Skink and Gecko Liver Lipid 105 
Ratio 
..- 9. Composition of Lizard Liver Lipid 110 
10. Esterase Activity in Hibernating and Active Gecko 119 
Liver 
11. Distribution of Glycogen and Fat in Gecko Liver 
12. Autophagic Vacuoles and Residual Bodies in Gecko 
Liver 
13. Pigment in Gecko Liver 
14. Seasonal Variation in Skink Ovary and Oviducal 





15. Seasonal Variation in Gecko Ovary and Oviducal 140 
Egg Ratios and Reproductive Pattern 
16. Seasonal Variation in Skink and Gecko Ovary and 144 
Oviducal Egg Lipid Ratios 
17. Composition of Ovary and Oviducal Egg Lipid 147 
FIGURE 
18. Skink Ovary 
19. Gecko and Skink Germinal Beds 
20. (A) Follicular Epithelium 
(B) Skink Corpus Luteum 
21. Ostium of Skink Infundibulum 
22, Seminal Receptacles in Gecko Infundibulum 
23. Vaginal Anatomy 
24. Spermatozoa in the Vagina 
25. (A) Gecko Omphaloplacenta 










26. Seasonal Variation in Testes Weight and Breeding 193 
Potential 
27. Seasonal Variation in Skink and Gecko Testes 
Lipid Ratio and in Testes Lipid Expressed as a 
Percentage of Testes Weight 
196 
28. Seasonal Variation in Skink Seminiferous Tubules, 200 
Epididymis and Renal Sex Segment 
29. Skink Seminiferous Tubules 204 
30. Seasonal Variations in Gecko Seminiferous 206 
Tubules, Epididymis and Renal Sex Segment 
31. Gecko Seminiferous Tubules 
32, Skink Epididymis 
33. Renal Sex Segment 
34-. Gecko Preanal Glands 







36. Seasonal Variations in Skink and Gecko Carcass 228 
Lipid Ratio 




38. Composition of Lizard Carcass Lipid 235 
39. (A) Succinic Dehydrogenase Activity in Active 246 
40. 
Sk:ink Leg Muscle 
(B) Phosphorylase Activity in Active Skink Leg 
Muscle 
(A) Esterase Activity in Hibernating and Active 
Gecko Leg Muscle 
(B) Adenosine Triphosphatase Activity in Hibernat-
ing and Active Gecko Leg Muscle 
41, Lipid Distribution in Female and Male Skinks 
42, Lipid Distribution in Female and Male Gecko 





44. Monthly Events in Reproductive Cycles of Skinks 260 
and Geckos 
45. Lipid Utilization and Accumulation in Female 
Skink 
284 
46. Lipid Utilization and Accumulation in Male Skink 285 
47. Lipid Utilization and Accumulation in Female 286 
Gecko 






C H A P T E R 1 
INTRODUCTION 
I. GENERAL INTRODUCTION 
Ectothermic vertebrates display cyclic changes in 
their biology in response to the changing seasons of the 
1. 
year. These cyclic changes in turn result in seasonally 
varying energy requirements. In temperate regions where 
food abundance va~ies throughout the year energy must be 
stored to meet the changing energy demands. Reproductive 
cycles have been studied in many reptiles but little atten-
tion has been given to the seasonality of physiological and 
biochemical changes or to the seasonal changes in energy 
storage and utilization in reptiles. 
In this thesis some seasonal changes in lipid storage 
and utilization are related to seasonal reproductive cycles 
in two endemic lizards, the diurnal skink, LeioZopisma zeZandica 
and the nocturnal gecko, Hoplod.actylus pacif'icus. Populations 
of these lizards from the inland area of Central Otago were 
chosen for study for two reasons. Firstly, this area is 
much drier and experiences wider ranges of temperatures 
than other areas in New Zealand and secondly since the 
lizards survive close to the southern limit of their range 
they would display wider ranges of tolerance than other 
populations in New Zealand. 
Of particular interest are the adaptions which must be 
2 . 
made in winter when consistant cold temperatures and hard 
frosts impose a period of winter dormancy on these lizards. 
They hibernate from early or mid May until the end of 
August; the extent of hibernation varies slightly from 
year to year depending on the onset of cold conditions. 
Early writers considered that the period of winter dormancy 
in reptiles involved different mechanisms to those control-
ling hibernation in mammals. The term brumation was used 
for reptilian hibernation (Mayhew, 1965) to avoid confusion. 
Whilst rather few studies on reptile dormancy have been 
published, there is much that appears contradictory amongst 
them and it may be that, as in mammals different species 
behave in different ways during winter dormancy. However, 
the term brumation has not yet been defined in terms of a 
specific set of biochemical and physiological changes and 
in this thesis the term hibernation will be retained and 
used in a broad sense to cover winter dormancy in reptiles. 
Many workers studying mammalian hibernation have com-
pared hibernators with active animals. The active or 
control animals often used were those kept from hibernation 
by maintaining them in a warm environment. The metabolism 
of such animals may not correspond with that of animals 
which are active outside the hibernation period and may be 
an inappropriate control. For this reason it is of the 
utmost importance to study the whole seasonal cycle. 
With this in mind, it was necessary to establish the 




body, in the two species of lizards under study. As the 
role played by· fats in reptilian metabolism is poorly 
known, the primary aim of the study was to investigate 
the seasonal changes in lipid storage and utilization. 
To broaden the information on cyclic changes in lipid a 
limited amount of lipid analysis was undertaken using 
chromatographic techniques. Studies of liver morphology, 
liver glycogen storage and liver and muscle enzyme histo-
chemistry were compared in winter and summer lizards in 
order to gain a better understanding of reptilian hiberna-
tion. 
II. LITERATURE REVIEW 
A. FAT BODIES 
1. Fat Body Structure 
Most reptiles possess dissectable abdominal fat bodies 
at some time during the year. These fat bodies are attach-
ed to the lateral abdominal wall just anterior to the hind 
legs. They lie in a ventral position one on each side of 
the bladder. When large, they are creamy white to pale 
yellow but small fat bodies usually become a pinkish colour. 
) 
The maximum size of fat bodies varies according to 
species, and in temperate species the fat bodies of 
females are usually larger than those of males. In 
4. 
tropical species of AnoUs (Licht and Gorman, 1970; Ruibal 
et al., 1972) however males have larger fat bodies than 
females. 
2. Fat Body Weight 
a) Fat Body Cycles of Temperate Lizards 
Temperate zone lizards have a variety of fat body 
cycles, most of which fall into one of three basic patterns. 
The most common cycle consists of a decrease in fat 
body weight during the period of follicular enlargement 
in spring and summer. This is followed by an increase in 
fat body weight when oviposition ceases, building up to a 
maximum in autumn after which it remains fairly constant 
over hibernation. Such a cycle showing an inverse cor-
relation between fat body size and gonadal development is 
seen in Uta stansburiana (Hahn and Tinkle, 196 5), Cnemidophorus 
se::cUneatus (Hoddenbach, 19 6 6) , Uromasti::c hardwickii ( Zain and 
Zain-ul-Abedin, 1967), SceZoporusmaZachiticus and S. unduZatus 
(Marion and Sexton, 1971), Cophosaurus te::canus (Ballinger et 
al. , 197 2), Cnemidophorus guZaris ( Ballinger and Schrank, 197 2), 








Both Mayhew (1971) and Minnich (1971) noted that 
Dipsosaurus dorsaUs was unusual in having very small fat 
bodies before hibernation and Minnich found that lizards 
collected in winter had no fat bodies. Fat bodies how-
ever increased rapidly in spring and then gradually de-
creased as reproductive activity proceeded. Norris 
(1953) indicated that gravid females tend to go under-
ground before they lay their eggs and remain there until 
eggs are laid. Fat bodies which decrease in weight, act 
as an energy supply during this period of inactivity. This 
cycle is therefore similar to that above differing only in 
that replenishment of the fat bodies takes place in spring 
instead of autumn. 
In the second group, the fat bodies of AnoZis caroUnensis 
(Dessauer, 19 5 5) and Varanus griseus ( Khalil and Adbel-
Messeih, 1962) build up to a maximum in summer and decrease 
during autumn and winter. Fat bodies in these species 
appear to act solely as an energy supply over hibernation, 
while plentiful food in summer supplies enough nutrients 
for reproduction. Avery (1970) found that autumn fat 
bodies of Lacerta vivipara contain about twice as much lipid 
as they did in spring, showing that lipid is also utilized 
in this species during hibernation, 
In the third group, fat body weight not only decreases 
during follicular growth, but also during hibernation in 
Takydromus tachydromoides (Telford, 1970), Scefoporus jarrovi 









1973) and SceZoporus graciosus (Derickson, 1974). This 
winter depletion, which may account for as much as a 50% 
reduction in the fat bodies of Takydrorrrus tachydromoides 
indicates utilization of stored energy for winter survival 
as well as use as a source of nutrients for developing 
follicles. 
The relationship between fat body and follicular 
growth has been investigated experimentally. Hahn and 
Tinkle (1965) showed that ovariectomy and fat body excision 
in Uta stansburia:na resulted in enlargement of fat bodies 
and follicular atresia respectively, and that the fat 
bodies supply nutrients for the formation of the first 
clutch. Studies of Cnemidophorus sexZineatus (Hoddenbach, 
19 6 6), Takydromus tachydromoides (Telford, 19 7 0) , and SceZ.Oporus 
undula"tus (Marion and Sexton, 1971) also show that the fat 
bodies are depleted after the formation of the first clutch 
and do not supply nutrients for subsequent clutches. These 
authors suggested that feeding was sufficient to supply all 
the nutrients needed for second and third clutches. How-
ever, fat bodies in Cnemidophorus tigris (Pianka, 1970; Gaffney 
and Fitzpatrick, 1973) continue to decrease during the 
formation of the second clutch. Gravid and brooding 
females of this species are burdened with heavy eggs and 
retreat to their burrows. Feeding is.thus reduced and the 
animals must still rely on fat reserves for maintenance and 
yolk deposition during this period. 




cycles which differ in some respects from the above most 
common cycles. 
Afroz, Ishaq and Ali (1971) suggested that the lipid 
from fat bodies of Uromastix hard»Jickii was used for thermo-
genesis during arousal from hibernation. They considered 
that it was unlikely that the fat was used for developing 
follicles because the same fat changes occured in males. 
However, Zain and Zain-ul~Abedin (1967) showed that an 
inverse correlation did exist between fat body size and 
gonadal development in U. hardwickii at this time. 
Barwick (1959) found that the fat bodies of Leiolopisma 
zelandica did not decrease during hibernation or follicular 
development but only after ovulation. This suggests that 
fat bodies supply nutrients for developing embryos, but 
these observations were not supported by quantitative 
measurements. 
b) Fat Body Cycles of Tropical Lizards 
Tropical lizards can also be divided into three groups 
based on their fat body cycle. 
One group, like most temperate lizards, shows a de-
crease in fat body size with increasing gonadal development. 
Those species that have their largest fat bodies during 
non-breeding periods are Aga:ma aga:ma (Chapman and Chapman, 
1964) and some species of Anolis (Licht and Gorman, 1970; 






that this fattening reflects the decreased expenditure of 
energy for reproduction. 
Another group differs from the above in that the 
largest fat bodies are present at the same time as most 
females become gravid, e.g. Agama agama Uonotus (Marshall and 
Hook, 1960) andAno'lisacutus (Ruibal et al., 1972). Both 
studies considered that this reflected the abundance of 
food at this time. 
Tropical lizards which show no seasonal variation in 
reproductive activities have fat bodies developed to vari-
ous degrees. Church (1962) found that three species of 
Javanese gecko had no fat bodies and suggested that ''suf-
ficient food is available daily to meet energy needs for 
reproduction 11 • Inger and Greenburg (1966) found very 
small fat bodies in Bornean lizards and suggested 11 that 
females of these continuously breeding species convert 
food in excess of maintenance requirements into yolk as 
fast as it is assimilated 11 , They consequently never 
accumulate large fat reserves. This may also be the case 
in female Ano Us trinitatis on Trinidad (Gorman and Licht, 
1975) which had no fat bodies whereas males showed some 
development of fat bodies, especially in October. Two 
teiid lizards studied by Smith (1968) had fat bodies which 
he considered gave material support to the vitellization 
of ovarian follicles during infrequent periods of inactivity. 
Such stores insure against follicular atresia which might 






Hahn and Tinkle (1965), Smith showed that gonadectomy and 
fat body ex~ision in females resulted in enlarged fat 
bodies and follicular atresia respectively. 
c) FactoY's Effecting Fat Body Cycles 
In considering the variety of fat body cycles above, 
two main factors, the seasonality of reproductive activity 
and food availability, appear to be important in affect-
ing the size and cycle of fat bodies. 
When food is available all year round and reproduc-
tion is acyclic as in the lizards of the tropical rain 
forest (Church, 1962; Inger and Greenberg, 1966; Smith, 
1968) no fat body cycles are evident. But in all other 
lizards studied there is some seasonal variation in either 
or both, reproductive activities and food supply. 
Fat bodies can act solely as food reserves during 
hibernation as in Ano Us caroZinensis (Dessauer, 19 55) and 
Vay,anus gy,iseus (Khalil and Abdel-Messeih, 1962) when summer 
food supplies are adequate to meet the needs of reproductive 
activities. 
In other species fat bodies ensure a steady supply of 
energy during follicular development. Fat bodies in 
temperate lizards are important in supplying sufficient 
lipid reserves for early spring follicular development, 
when food resources in the environment are still relatively 









additional advantage of a long growing season before the 
next hibernation. In early maturing species this ensures 
sufficient time for offspring to mature in the same year 
as they hatch and then participate as adults in the sub-
sequent breeding season. In longer maturing species it 
allows offspring to build up large food supplies ensuring 
greater chances of survival during hibernation. 
In still other species, fat bodies have the dual 
function of ensuring early reproductive development and 
acting as food supply either during hibernation as in 
Takydromus tachydromoides (Telford, 19 7 0), SceZoporus jar11ovi 
(Goldberg, 1972), Cnemidophorus tigris (Gaffney and Fitz-
patrick, 1973) and SceZoporus graciosus (Derickson, 1974) or 
during times of low food availability as in periods of 
low rainfall in southern population of Cnemidophorus tigris 
(Pianka, 1970). 
Only rarely do the cycles of fat accumulation and 
reproductive activity coincide. When this occurs fat 
bodies are seen to increase during reproduction as in the 
tropical lizards Agama agama Uonotus (Marshall and Hook, 
1960) and Anolis acutus (Ruibal et al., 1972). 
3. Fat Body Lipid 
a) Seasonal Changes 'in Total- Fat Body Lipid 
Since fat is the major component of fat bodies (com-
prises over 90% wet weight when fat bodies are at their 







Christie, 1974.) fat body lipid weight cycles parallel 
cycles in fat body weight (Afroz et al., 1971). 
b) Composition of Fat Body Lipid 
Only a few studies of the chemical composition of 
fat bodies have been made. Chemical analysis of fat 
bodies of Uromastix hardwickii (Zain and Zain-ul-Abedin, 
11. 
1967; Afroz et al., 1971) show that glycerides represent 
the bulk (over 90%) of the fat body lipid, while chol-
esterol varied between 3-4% of the total lipid and phospho-
lipid accounted for only 0.1-0.5%. Afroz et al. (1971) 
found that during arousal the levels of esterified fatty 
acids and cholesterol were reduced while phospholipid 
remained constant, and suggested that at the time of 
arousal lipid is being used for thermogenesis, but Zain 
and Zain-ul-Abedin (1967) associated the decrease in lipid 
at this time with vitellogenesis of the eggs in females. 
Hadley and Christie (1974) also found triglycerides were 
the major class of lipid comprising 92.6-94.9% of midwinter 
fat body lipid in SceZoporus jarrovi, while phospholipids 
accounted for 1.0-1.8% but cholesterol was only present in 
trace amounts and did not exceed 0.6%. 
c) Fatty Acids of Fat Body Lipid 
Early studies of the fatty acids of lizard fat bodies 







information about the length of time in captivity, the 
date of fat analysis and the number of double bonds in 
unsaturated acids is lacking. However several more 
recent studies (Grenet, 1969; Afroz et al., 1971; Brian 
et al., 1972; Hadley and Christie, 1974) have revealed 
that in most lizard fat bodies studied, oleic acid (18:1) 
is the major fatty acid and that there is a higher prop-
ortion of unsaturated fatty acids than saturated ones. 
In a study of the seasonal changes in fatty acids in 
Uromastix hardwickii fat bodies, Afroz et al. (1971) found 
that during arousal and activity palmitic and palmitoleic 
acids were reduced in triglyceride, monoglyceride, di-
glyceride and free fatty acids and oleic acid decreased 
in triglyceride, indicating a high ability to metabolise 
these fatty acids. On the other hand lipolytic products 
containing stearic, linoleic and linolenic acids all in-
creased which suggests they were not readily metabolised. 
B. LIVER 
1. Liver Weight - Seasonal Changes 
The few studies which have followed the seasonal 
fluctuations in lizard liver weight throughout the year 
show great individual variation. Because increase in 
liver weight could be due to a number of factors and of 
particular importance are (1) the storage of materials 








these materials through the liver during increased 
mobilization and accumulation of nutrients in other 
organs (such as fat body or gonads), it is difficult to 
interpret changes which occur in liver weight. 
Studies of liver during winter months show that the 
liver weight reached a peak in midwinter in Anolis 
carolinensis (Dessauer, 195 3), Uromastyx aegyptia ( Khalil and 
Yanni, 1961), EgerniacunninghaJni (Barwick and Bryant, 1966) 
and Sceloporus jarrovi (Goldberg, 1972). Although Telford 
(1970) did not measure liver weights of Takydromus 
tachydromoides during hibernation he found they increased 
prior to hibernation. This increase has been correlated 
with the build up and utilization of food stuffs during 
hibernation. 
In most species studied there was an early spring 
decrease in liver weight which Goldberg (1972) suggests 
indicated utilization of stored nutrients during a period 
of activity when environmental food supplies are low. 
In Uromastyx aegyptia ( Khalil and Yanni, 1961) , Uta 
stansburiana (Hahn and Tinkle, 19 6 5 ; Hahn, 19 6 7) and Takydromus 
tachydromoides (Telford, 19 7 0) an increase in female liver 
weight occurred in spring or summer, coinciding with the 
period of yolk deposition. In Sceloporus jarrovi the period 
of yolk deposition occurred in autumn and Goldberg (1972) 
showed that whereas female liver weights reached a maximum, 
the male liver weights did not increase dur'ing this time, 






vitellogenesis. Goldberg suggested'~hat lipid reserves 
are first mobilized in fat bodies before being passed on 
to the liver", and finally deposited in the ovaries. 
Liver weights remained unaltered prior to or during 
spermiogenesis (production of spermatozoa from spermatids) 
in ma 1 e Ano lis caro linens is (Dess au er , 19 5 5 ) , Takydromus 
tachydromoides (Telford, 1970) and Scelopo1~us jarrovi (Goldberg, 
1972). However, an increase in liver weight was recorded 
in male Uromastyx aegyptia during spermiogenesis ( Khalil and 
Yanni, 1961). 
Throughout the seasonal cycle Telford (1970) and Gold-
berg (1972) found that in Takydromus tachydromoides and Sceloporus 
jarrovi the male liver weights showed less seasonal varia-
tion than female liver weights, but in Anolis carolinensis, 
Dessauer (1955) found that the converse was true, i.e. that 
in the female, liver weights undergo less marked seasonal 
variation than those of males. Khalil and Yanni (1961) 
showed that both female and male Uromastyx aegyptia liver 
weights underwent similar fluctuations . 
2. Liver Glycogen - Seasonal Changes 
The few studies that have considered monthly liver 
glycogen fluctuations, show that peaks occur in midsummer, 
early winter and spring. 






Uromastyx aegyptia increased to a maximum in midsummer and 
fluctuated during the year having two smaller peaks in 
early winter and spring. Although Haggag et al. (1966) 
only measured liver glycogen at three times during the 
year they also found that glycogen levels in Varanus greseus 
were highest in summer. In contrast Dessauer (1953) 
found that the highest level of liver glycogen occurred 
in the first month of hibernation in AnoZis caroZinensis but 
two other smaller peaks occurred in spring and midsummer. 
Although Barwick and Bryant (1966) only considered glycogen 
levels in winter they also found a maximum in early winter 
and the beginnings of a spring rise in September. 
Although the time of highest liver glycogen levels 
differed according to species all showed an early winter 
peak. Di Maggio and Dessauer (1963) suggest that the 
accumulation and storage of glycogen in preparation for 
winter may be due in part to the difference in rates of 
carbohydrate oxidation as they found that the rate of 
breakdown of liver glycogen in Anal.is caroZinensis was slower 
in fall and winter than in other seasons. 
The decrease in liver glycogen following the ea.rly 
winter peak has been considered by Khalil and Yanni (1961) 
and Haggag et al. (1966) to be due to diminished food in-
take. 
The increase in liver glycogen on arousal in spring 
was considered by Haggag et al. (1966) to be due to a proc-




ultimate source of substrate is the fat bodies. 
Khalil and Yanni (1961) noted that the summer rise 
in glycogen levels "coincides with the period of the year 
having the highest environmental temperature, during which 
the animal is more active". 
Comparison of liver weight and liver glycogen changes 
have been made in several species but all show different 
re'lationships. Khalil and Yanni (1961) found that in 
Uromastyx aegyptia the maximum glycogen levels in summer 
coincided with minimum liver weight but for the rest of 
the year fluctuations were similar. Barwick and Bryant 
(1966) showed that in Egernia cwininghami minimum levels of 
glycogen coincided with maximum levels of liver weight in 
midwinter, while Dessauer (1953) found that maximum levels 
of glycogen coincided with the peak in liver weight. 
In light microscopy studies, Ells (1954) showed that 
glycogen was distributed in a diffuse manner throughout 
the cytoplasm of SceZoporus occidentalis liver cells. A 
similar pattern of distribution was also seen in electron 
micrographs but the density of glycogen granules varied. 
from cell to cell (Aleman, 1970). Goldberg (1972) how-
ever, showed that glycogen distribution varied seasonally, 
glycogen granules being uncommon and the endoplasmic 
reticulum displaced or absent in autumn while by spring 







3. Liver Lipid 
a) Seasonal Changes in Total Liver Lipid 
A comprehensive study of seasonal variations of 
liver lipid was made by Dessauer (1955), who showed that 
liver lipid in both sexes of Anolis carolinensis was at a 
minimum in spring, began to increase slightly during 
summer and then abruptly to a prehibernation maximum. 
AutUJiln livers contained 20 times as much lipid as spring 
livers . 
Zain and Zain-ul-Abedin (1967) found a significant 
increase in liver lipid in Uromastix hardwickii between the 
active period and hibernation. They suggested that 
lipogenesis occurred in the liver during hibernation, 
probably from liver glycogen but since they made no meas-
urements of glycogen content they could not verify such 
a suggestion. 
In another study, Gaffney and Fitzpatrick (1973) 
found no significant variation in liver lipid values during 
the four summer months during which Cnemidophorus tigris was 
active, but their graph did show a slight increase in 
August just before hibernation. This increase was sig-
nificantly greater in females and they considered that it 
reflected the processing of large quantities of lipids, 
through the liver for rapid replenishment of fat bodies 








In contrast to this, Avery (1970) found that liver 
lipid in Laeerta vivipara was higher in spring than in 
autumn, but considered that his results were probably an 
artifact due to the overall loss in body weight over the 
hibernation period. 
In light microscopy studies of the liver of Seeloporus 
oeeidentalis, Ells ( 19 54) found a wide variation in the 
di~tribution of lipid droplets in livers from different 
summer animals. However histological evidence of the 
autumn increase in liver lipid was shown in electron micro-
graphs of Seeloporus jarrovi by Goldberg (1972), which re-
vealed an abundance of lipid droplets during late summer 
and early autumn. The deposits were more numerous in 
females than males and were absent in females at the con-
clusion of winter, although some were still seen in males . 
This suggests that the lipid droplets were utilized during 
vitellogenesis. Hahn (1967) also noted an abundance of 
large lipid droplets in the liver of Uta stansburiana during 
vitellogenesis. 
b) Composition of Liver Lipid 
The only study of seasonal variation in liver lipid 
components to be found in the literature was made by 
Reddy et al. (1972). They showed that in Hemidaatylus 
fZaviviridis phospholipid maintained a uniform level through-
out the year with only minor variations (accounted for 






were lowest during hibernation and spring (varying from 
4-11% total liver lipid). Total glyceride reached a 
maximum before hibernation and then decreased abruptly in 
January and February. The rapid breakdown of triglyceride 
as evidenced by high levels of monoglyceride and diglyceride 
during January and February suggests utilization of the 
stored liver lipids as a source of energy during the 
period of hibernation. Since the concentration of lipid 
in the sexual segment of the kidney increased during the 
period of hibernation it is possible that liver lipids 
broken down are transported to the sexual segment and 
utilized for lipid synthesis in this organ. 
c) Fatty Acids of Liver Lipid 
Brain et al. (1972) found that the major components 
of liver lipid were palmitic, stearic, oleic, linoleic 
and arachedonic acids, oleic acid being the most abundant 
fatty acid in female liver lipid while linoleic acid was 
the most abundant acid in male liver. 
4. Liver Enzyme Histochemistry 
Only a limited number of histochemical investigations 
of reptile liver enzymatic activity have been undertaken. 
Hack and Helmy (1964) compared the histochemical 
activity of succinic dehydrogenase in the liver of a num-
ber of vertebrates and maintained that the intensity of 
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histochemical staining for succinic dehydrogenase in liver 
tissue was much greater in reptiles than in fish or 
amphibians but was considerably less than in mammals. 
Of the spectrum of reptiles tested succinic dehydrogenase 
actively was weak to moderate in turtles and crocodiles 
and quite strong in snakes and the lizard Iguana iguana. 
In the liver of two species of L<werta Arvy and Gabe ( 19 5 3) 
showed alkaline phosphatase activity in peripheral loca-
tions in the hepatic cells. However in other reptiles 
they found alkaline phosphatase distributed throughout the 
whole hepatic cell, as did Sarker and Deb (1965) who 
studied the liver of non-hibernating CaZotes versicolor. 
The distribution of alkaline phosphatase therefore appears 
to vary in the liver depending on species. In the liver 
of all species studied by Avery and Gabe (1953) high 
alkaline phosphatase activity was present in the 
endothelium of capillaries, intrahepatic bile ducts and 
bile canaliculi. Sarker and Deb (1965) found that 
glycogen and alkaline phosphatase were both moderately 
concentrated in lizard livers. 
Esterase activity was observed in high concentrations 
in the liver of Ch'lamydosaurus kingii where Holmes et al. 
(1968) found that three cholinesterases represented the 








5. Liver Histology 
Although studies of reptilian liver structure were 
made by Shore and Jones (1889) and Krause (1922) it was not 
until the work of Elias and Bengelsdorf (1952) and Ells (1954) 
that the structure of lizard liver was studied more fully. 
These authors showed that the lizard hepatic parenchyma is 
. made up of lamellae or plates predominantly two cells thick. 
No lobules can be distinguished and there is no radial 
arrangement of sinusoids about a central vein. The sinus-
oids are lined with endothelial cells, a few of which 
resemble Kupffer cells. Both the sinusoids and bile 
canaliculi follow extremely tortuous courses. 
Lizard liver, lite that in other ectotherms, displays 
variable amounts of pigment. Elias and Bengelsdorf (1952) 
and Ells (1954) noted that pigment is present in the 
lacunae. Ells (1954) showed that hepatic pigmentation 
varied in individual animals and implied that pigment is 
limited to Kupffer cells which may become so engorged with 
granules that it is impossible to make out any morphological 
details. He also noted that in animals which had received 
no food for a month pigmentation was extensive, these also 
having many macrophages engorged with pigment. 
Hack and Helmy (1964) investigated the extent of the 
pigment cell system in a number of reptiles and found it 
varied widely, turtles containing the most and snakes the 
least. The general impression they obtained from the 
entire series of animals tested was that the intensity of 
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succinic dehydrogenase reaction was roughly inversely 
proportional to the pigment cell content. Quantitative 
studies by Morgan and Singh (1969) also confirm this 
inverse relationship between liver pigment and succinic 
dehydrogenase-cytochrome oxidase system in a number of 
ectothermic vertebrates. From further studies of the 
pigment cell system in Amphiuma liver Helmy and Hack (1964 
and 1969) considered the melanin pigment granules to be 
metabolically active and a kind of substitute for mito-
chondria. 
In an electron microscope study of the livers of 
two species of lizard, Ameiva ameiva and Cnemidophorus 
Zenmiscatus, Aleman (1970) showed that their basic structure 
was similar to the liver of other- vertebrates. He did 
note however that in Ameiva the endoplasmic reticulum was 
arranged in a regular orderly parallel manner, but this 
was not seen in Cnemidophorus. Lysosomes (with single 
membranes) were present in the vicinity of the bile 
canaliculi and vacuoles with myelin like figures as well 
as large phagocytic vacuoles of variable electron density 
were also present. Kupffer cells and macrophagous cells 
with typical cellular organelles and vacuoles with in-
clusions were present in the lumen of sinusoids. 
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C. REPRODUCTIVE ORGANS 
FEMALE 
1. Breeding Cycles in Female Lizards 
a ) Temperate Zone Lizards 
Temperate zone lizards have a definite breeding 
season. The length of the breeding season depends on 
the length of time spent in hibernation. 
Species inhabiting low altitudes, spend only a short 
time in hibernation and therefore have a long period of 
time in which to breed. During this time three to five 
clutches of eggs may be laid in five to six months in 
Holbrookia texana (Johnson, 19 6 0), Uta stansburiana (Tinkle, 
1961; Asplund and Lowe, 1964), AmphiboZv.rus isolepis (Pianka, 
1971), Coleonyx variegatus (Parker, 1972a) and CaUisaurus 
draconoides (southern populations, Pianka and Parker, 1972). 
Ano Us carolinensis is unique in oviposi ting eggs singly and 
continuously at two week intervals for five to six months 
(Hamlett, 1952). 
Species at higher latitudes hibernate for long periods 
during winter, and hence have a more limited breeding 
season, most of the eggs or young being produced within 
one to two months. These lizards tend to produce single 
broods. Some are oviparous, e.g. Phrynosoma solare ( Blount 5 
19 2 9; Parker, 19 71), Sceloporus orcutti (Mayhew, 19 6 3) , 
Urosaurus ornatus (Asplund and Lowe, 1964), Cnemidophorus tigris 
'\ 
(Colorado, McCoy and Hoddenbach, 1966), HemidactyZus 
fZaviviridis ( Sany al and Prasad, 19 6 7), Gerrhonotus muZti-
carinatus (Goldberg, 19 7 2) , Dipsosaurus dorsaZis (Parker, 
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1972b) and SceZoporus occidentaZis (mountain population, 
Goldberg, 1974) and some viviparous, e.g. LeioZopisma 
zeZandica (Barwick, 1959), Hemiergis peronii (Smyth and Smith, 
1968), SceZoporusjarrovi (Goldberg, 1971a; Tinkle and 
Hadley, 1973) and Phrynosoma dougZassi (Goldberg, 1971b). 
Between these two extremes is a group of lizards 
having a breeding season of intermediate l~ngth, oviposit-
ing usually two to three clutches in three to four months. 
Included in this group are Lygosoma ZateraZe (Fitch and Greene, 
1965), Uma notata (Mayhew, 1966a), U. scoparia (Mayhew, 1966b), 
Cnemidophorus sexZineatus (Hoddenbach, 1966), C. tigris (Texas, 
McCoy and Hoddenbach, 1966; Parker, 1972c),Takydromus 
tachydromoides (Telford, 19 6 9), Cnemidophorus guZaris ( Ballinger 
and Schrank, 19 7 2), CaUisaurus draconoides (Northern areas, 
Pianka and Parker, 19 7 2) , See Zoporus occidentaZis ( Lowland 
population, Goldberg, 19 7 3 and 19 7 4) and S. woodi (Jackson 
and Telford, 1974). 
This north-south trend (northern hemisphere) of 
lengthening of the breeding season has been noted and 
correlated with several factors by Tinkle (1969), Fitch 
(1970) and Parker (1972c). Tinkle et al. (1970) found that 
species with long and intermediate length breeding seasons 
have small to medium sized clutches, are multiple brooded, 






short breeding seasons are late-maturing species; larger 
and single-brooded with medium to large clutch size and 
generally not particularly abundant. Viviparity and 
parental care while uncommon in lizards seems to be limit-
ed to these late-maturing, single-brooded species. 
The north-south trend holds not only for inter-
specific comparisons but also for intraspecific ones. 
A study by McCoy and Hoddenbach (1966) and Pianka (1970) 
showed that Cnemidophorus tigris matured in one year in 
Texas, where the species produced two clutches with an 
average of 2.2 young, while in Colorado it took two years 
to mature and produce a single brood of 3.4 young on the 
average. In another study, of CaZlisaurus draconoides, Pianka 
and Parker (1972) showed an increased length in the breed-
ing season in the more southern areas. 
These trends apparent with increasing latitude are 
also noted with increasing altitude. A study of Mexican 
lizards by Greene (1970) showed a striking decrease in the 
number of oviparous species and a concomitant increase in 
viviparous species with increasing altitude. Elevational 
effects have also been reported in SceZoporus occidentaZis 
(Goldberg, 1974) and in two populations of Lacerta rrruraUs 
in France (Saint Girons and Duguy, 1970, quoted Goldberg, 
1974). The apparent correlation between viviparity with 
northern latitudes and high altitudes is generally agreed 
to be an adaptation to cold (Fitch, 1970; Tinkle and Hadley, 






"viviparity may not be imposed on the species by a 
montane environment but a strategy which allows a com-
petitive advantage in a montane environment''. Vivi-
parity allows embryonic deyelopment in more constant con-
ditions in a thermoregulating female than would be expe-
rienced outside the lizard's body where temperatures are 
probably marginal for incubation of eggs. Gestation 
takes approximately three months in most viviparous 
species, exceptions being Corythophanes percarinatus (McCoy, 
1968), Sceloporus jarrovi (Goldberg, 1971a) and other vivi-
parous species of the latter genus, which have a 6.5 
month gestation period, beginning in autumn instead of 
spring. Embryonic development in these species is sus-
pended over winter and the young which are born in late 
June, have time to build up body reserves before hiberna-
tion. 
b) Tropical and Subtropical Lizards 
In tropical and subtropical climates, some lizards 
show little variation in reproductive activity throughout 
the year. Studies by Church (1962) and Inger and Green-
berg (1966) of geckos and agamids in the nearly constant 
environment of the rain forest show that females oviposit 
eggs throughout the year, displaying no seasonal patterns. 
In other tropical and subtropical climates, periods 
of "high" and "low" egg production occur. Studies of 




agamids (Marshall and Hook, 1960; Daniel, 1960; Chapman 
and Chapman, 1964) and geckos (Sexton and Turner, 1971) 
show that oviposition reaches a slight maximum at the 
beginning or during the long rains and egg production is 
suppressed during the drier season. Marshall and Hook 
(1960) suggest that this timing of reproductive activity 
enables the lizards to harvest the peak of protein animal 
food which accompanies or follows the rains. It also 
' ensures that the eggs develop in high relative humidity, 
a condition shown by Sexton et al. (1971) and Zweifel 
(1961) to be necessary for embryo survival. Mayhew (1963) 
however, found that high humidity alone was not sufficient 
for incubation of Sceloporus orcutti eggs but that some 
moisture was also necessary if eggs were to hatch sucess-
fully. 
Studies of two New Hebridian skinks (Barker, 1947), 
an Australian skink, Leiolopisma rhomboidaZis (Wilhoft, 196 3), 
Puerto Rican anoles (Gorman and Licht, 1974) and AnoZis 
aeneus in Trinidad (Gorman and Licht, 1975) show that a 
decline in egg production coincided with the shortest and 
coolest days in the autumn and winter months. 
Altitudinal effects have also been described in 
tropical lizards. Gorman and Licht (1974) found that 
montane species of AnoZis have a longer period of decline 
in egg production than low altitude species, both inter-
specific and intraspecific differences being evident, 
while Marion and Sexton (1971) found that, as in temperate 
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regions, high altitude tropical lizards may differ from 
low altitude species in being viviparous. They found 
that yolk deposition in SceZoporus maZachiticus occurred in 
the wet season and oviducal eggs were found from September 
to February. The majority of young were born early in 
the dry season when insolation was greatest and opportuni-
ties for feeding activity more numerous. They suggested 
that these young would grow faster than those born at 
other times of the year. 
c) Timing of Female Reproductive Cycles 
Although there is some evidence that endogenous 
rhythms may result in gonadal regression in females 
(Stebbins, 1963; Cuellar, 1971; Licht, 1973) it appears 
that external timing cues (zeitgebers) are necessary for 
"normal synchrony of breeding cycles" (Licht, 1972). 
In temperate zone lizards thermal cues are consider-
ed to be most important for the initiation of reproductive 
activity in spring in Uta stansburiana (Tinkle and Irwin, 
1965), Sceloporus unduZatus (Marion, 1970) and Anolis carolinensis 
(Licht, 1972). Licht (1973) however considered that in 
nature the female may still depend on "long day lengths 
combined with moderate amounts of heat" for the initiation 
of gonadal development in spring and he suggested that 
moisture and social interactions may also be implicated in 
the control of female activity. 
\ 
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Although rainfall was considered important for the 
regulation of egg production in some tropical and sub-
tropical species (Licht and Gorman, 1970; Sexton et al., 
1971; Ruibal et al., 1972; Brown and Sexton, 1973), re-
examination of cycles in Puerto Rican anoles (Gorman and 
Licht, 1974) and Anolis aeneus in Trinidad (Gorman and Licht, 
1975) suggest thermal cues to be most important for initiat-
ing the decline in ovarian activity. However "the extent 
and duration of the non-breeding period is dependent on 
rainfall where distinct wet and dry seasons occur'' (Gorman 
and Licht, 1975). 
2. Seasonal Changes in the Female Reproductive Tract 
a) Ovary 
Lizard ovaries contain a number of small white (un-
yolked) follicles some of which become progressively more 
yellow as yolk deposition proceeds. In most species yolk 
deposition takes four to eight weeks but in HopZodactylus 
maculatus (Boyd, 1940), Leiolopisma zelandica (Barwick, 1959), 
Moloch horridus (Pianka and Pianka, 19 7 0) and Xantusia riversiana 
Goldberg and Bezy, 1974) yolk deposition takes many months. 
In those species which produce multiple clutches, yolk 
deposition in the second clutch may proceed by one of two 
methods. In the first group, yolk deposition of the next 
clutch does not proceed until the oviducal eggs are laid, 
as in Uta stansburiana (Tinkle, 1961), Calotes versicolor (Varma, 
19 7 0) , Dipsosav;r,us dorsalis (Mayhew, 19 71) , Cnemidophorus gula1~is 
I ,, 
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( Ballinger and Schrank, 19 7 2) and CaUisaurus driaconoides 
(Pianka and Parker, 1972). However, in the second group, 
yolk deposition of the next clutch proceeds immediately 
after ovulation. In this case ovarian yolked follicles 
are present with oviducal eggs but significant follicular 
growth probably does not occur until after oviposition of 
the previous clutch, e.g. Amphibolurus muricatus (Weekes, 19 34), 
Holbrookia texana (Johnson, 1960), Agama agama (Marshal and 
Hook, 19 6 0 ) , Cnemidophorus sexlineatus ( Hoddenbach, 19 6 6 ) , Draco 
melanopogon and D. quinquefasciatus (Inger and Greenberg, 1966), 
Uma notata (Mayhew, 1966a), U. scoparia (Mayhew, 1966b), 
Hemidaatylus turaicus (Rose and Barbour, 19 6 8), Moloch horridus 
(Pianka and Pianka, 1970), Amphibolurus isolepis (Pianka, 1971a), 
Cophosaurus texanus ( Ballinger et al. , 19 7 2) and Saeloporus woodi 
Jackson and Telford, 1974). 
Although left and right ovaries produce similar numbers 
of yolked follicles, the right ovary in Xantusia vigiUs (Miller, 
1948), Uma notata, U. saoparia (Mayhew, 1966a and b) and Takydromus 
tachydromoides (Telford, 1969) appears to be more active, but 
in no case was this difference statistically significant. 
b) Migration of Eggs 
Ovulation takes place when the yolked follicles reach 
a certain size, this size being constant and characteristic 
of each species. 
In many species the number of eggs in the oviduct and 
the number of corpora lutea in the ovary on the same side 
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of the body are different. Such differences have been 
attributed to migration of the eggs. Migration was found 
in 9% of gravid Uma scoparia (Mayhew, 1966b), 20% Uta stansburiana 
(Tinkle, 19 61), 2 2, 6 % of Takydromus tachydromoides (Telford, 
1969), where the migration was always from left ovary to 
right oviduct), 23% Uma notata (Mayhew, 1966a), l.J.2% in 
SceZoporus jarrovi (Goldberg, 1971a), 50% in Dipsosaurus dorsal.is 
(Mayhew, 1971), 50-89% in Xantusia riversiana (Goldberg and 
Bezy, 1974), in 3 out of 5 Cnemidophorus sexl.ineatus, with more 
eggs in the right oviduct than right ovary (Hoddenbach, 
1966) and in 6 out of 9 gravid Gerrhonotus muUicarinatus (Gold-
berg, 1972). Migration may have been more frequent than 
these figures suggest as multiple migrations leaving equal 
numbers of corpora lutea and embryos on each side go un-
detected. 
The concept of migration i.e. the free movement of ova 
across the coelom to the contralateral oviduct has been 
denied by Cuellar (1970). He suggests that the infundibulum 
moves, so that the ostium surrounds the largest yolked 
follicle in the ovary. Church (1962) supports this idea 
as he also noted specimens in which the infundibulum engulf-
ed a large ovarian egg. With enlarged ova in both ovaries 
some of the ovarian oocytes shift coelomic position and at 
ovulation are undoubtedly discharged directly into the 
contralateral oviduct. Since the colon lies over the left 
ovary, its ova tend to be displaced towards the right. 
Cuellar (1970) has observed several instances where oocytes 




were partly or almost entirely embraced by the right oviduct. 
c) Storage of Spermatozoa 
Comparison of male and female reproductive cycles shows 
that the peak in production of spermatozoa in the male 
usually coincides with ovulation in the female. However, 
this is not always the case. In some species fertilization 
takes place at a time when the testes are regressed and so 
could only be achieved by stored spermatozoa. In Moloch 
horridus (Pianka and Pianka, 19 7 0) and Hemiergis peronii ( Smyth 
and Smith, 1968) spermatozoa must be stored in the female 
reproductive tract over winter. 
Reports have also been made of females that produced 
fertile eggs after being isolated from males for various 
lengths of time. Such reports indicate that spermatozoa 
remain viable in the female reproductive tract for about 
three months in Uta stansburiana (Cuellar, 1966a), for six 
months in the chameleon Microsaura pwniZa (Atsatt, 1953) and 
seven months in AnoUs caroUnensis (Fox, 1963). In these 
species storage of spermatozoa ensures production of late 
clutches, or clutches in the following year. 
d) Egg Lipid 
Although Dessauer (1955), Hahn and Tinkle (1965) and 
Smyth (1974) have investigated the lipid content of oviducal 
eggs, no reports could be found in the literature of studies 





A comprehensive account of oviducal egg lipid compo-
nents and fatty acids was made by Hadley and Christie (1974). 
They found that triglyceride was the major component lipid 
accounting for 86.9% - 90.2% of the total lipid while 
phospholipid accounted for 6.7% - 9.0%. Oleic acid (18:1) 
was the most abundant fatty acid of egg triglyceride follow-
ed by palmitic (16:0) and linoleic (18:2) acids respectively. 
3. Histology of the Female Reproductive Tract 
a) Ovary 
The ovary of reptiles is composed of ovarian epithelium, 
stroma ovarii, the ovarian cavity, the germinal bed and 
seasonally varying numbers of follicles, corpora lutea and 
corpora atretica. The ovarian epithelium consists of a 
single layer of flattened cells. The stroma ovarii is very 
limited in all reptiles and is composed of collagenous fibers, 
scattered fibroblasts and small blood vessels. The ovarian 
cavity is large and lined with one layer of squamous epithe-
lial cells. The germinal epithelium consists of a few small 
isolated masses of germinal tissue near the dorsal surface 
of the ovary in SceZoporus jarrovi (Goldberg, 1970) or more 
commonly two small isolated masses at each end of the ovary 
as in Xantusia vigilis (Miller, 1948), Leiolopisma rhomboidalis 
(Wilhoft, 1963) and L. Zaterale (Jones et al., 1973). Hoplo-
dactylus maculatus (Boyd, 19Lf0), Calotes versicolor (Varma, 1970) 
and Ano Us carolinensis (Gerrard et al., 1973) have only one 




The rest of the germinal bed is composed of primary oogonia 
and oocytes at.various stages of development. 
(i) Follicles: The published descriptions of reptilian 
ovarian follicles show those of different species to be 
closely similar. The outermost layer of the follicle is 
made up of a band of vascularised stromal tissue. In most 
species the thick theca externa composed of fibroblasts and 
fibrous tissue is moderately vascularised and can be distin-
guished from the thin theca interna which has little fibrous 
tissue. 
The membrana propria separates the theca from the fol-
licular epithelium (Boyd, 1940; Wilhoft, 1963). 
The follicular epithelium is made up of three layers. 
The outer layer is composed of small cells, the middle layer 
of large flask shaped cells and the inner layer of small 
and intermediate cells. The large flask shaped cells call-
ed pyriform cells (Betz, 1963) have narrow ends which extend 
through the zona pellucida to communicate with the ooplasm 
(Boyd, 1940; Miller, 1948; Goldberg, 1970; Varma, 1970; 
Neaves, 1971), Betz (1963), Goldberg (1970) and Varma 
(1970) suggested that the large pyriform cells discharge 
their contents into the ooplasm of developing follicles and 
thus play a role in yolk deposition but electron micrographs 
(Neaves, 1971) reveal that the bridge connections are 
terminated prior to the onset of pyriform cell degeneration 
and yolk deposition. Neaves suggested that pyriform cell 
bridges transfer cytoplasmic material to assist in the 
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maintenance of dormant oocytes and may prepare them for 
ensuing periods of intense metabolic activity associated 
with the acquisition of yolk. 
Between the follicular epithelium and oocyte are the 
vitelline membranes. The egg membrane (or true vitelline 
membrane) surrounds the ovum and this is in turn surrounded 
by a membrane composed of two parts. The outer layer, the 
zona pellucida, stains densely and uniformly while the inner 
zone, called the zona radiata (Betz, 1963) or striated zone 
(Boyd, 1940), shows horizontal striations. 
Several histological changes are characteristic of the 
preovulatory follicle. The thecal layers increase in 
thickness and the follicular epithelium is reduced to a 
single layer of small cells because the pyriform cells 
degenerate. The striated layer becomes more conspicuous 
than the zona pellucida. 
(ii) Corpus Lutewn: A number of species of viviparous 
and oviparous reptiles have been studied to establish the 
developmental and structural features of the corpus luteum. 
The corpus luteum is formed when the follicle collapses 
(after the expulsion of the ovum), leaving a squashed sac 
with a wide aperture. The theca externa is moderately 
vascularised and contains collagenous fibres and scattered 
fibroblasts. The theca interna contains few fibres and 
many fibroblasts. The theca of Hop'lodactylus maculatus (Boyd, 
1940) differs from that of other lizards in having an in-




in Monotremes. The granulosa cells of the follicular 
epithelium hypertrophy and fill the rupture cavity with 
masses of large luteal cells. No fibroblasts or capil-
laries invade the luteal mass of Lygosoma quoyi, L. quadri-
digitatum, Egernia -whitei (Weekes, 19 3 4) and Saeloporus jarrovi 
(Goldberg, 1970), but other species show invasion to some 
extent. In HoplodaatyZus maauZatus (Boyd, 1940), Xantusia 
vigiZis (Miller, 1948) and Chalaides oaeUatus (Badir, 1968) 
moderate invasion of fibroblasts occurs but no capillaries 
are seen between the luteal cells. In Lygosoma -weeksa(}, 
L. entreaasteauxi (Weekes, 1934) and Calotes versiaoZor (Varma, 
1970) fibroblasts and associated blood vessels penetrate 
the luteal tissue as strand like septa but do not penetrate 
between individual luteal cells. The most extreme invasion 
is seen inLacertaagiZis (Hett, 1924, cited Weekes, 1934), 
Lygosoma vivipara and Amphibolurus muriaatus (Weekes, 1934) where 
fibroblasts and blood vessels not only form septa but fibro-
blasts also penetrate between luteal cells. 
The rupture aperture, from which the ripe follicle 
bursts, may be plugged by a mass of luteal cells as in Hoplo-
daatylus macuZatus (Boyd, 1940) andXantusiavigiZis (Miller, 1948) 
or may be healed by fibrous tissue as in Lygosoma quoyi (Weekes, 
1934). 
Different species of oviparous lizards retain corpora 
lutea for different lengths of time. In Saeloporus orcutti 
(Mayhew, 1963) corpora lutea were not seen after the eggs 
were laid, but they were evident in AmphiboZU1°us muriaatus 







(McCoy, and Hoddenbach, 1966), CaZotes versiaoZor (Varma, 
1970) and CoZeonyx variegatus (Parker, 1972a) for a short time. 
In Uma saoparia (Mayhew, 1966b) corpora lutea disappeared 
two months after the last eggs were seen in the oviduct 
whereas in HoZbrookia texana (Johnson, 1960) and SaeZoporus 
oaaidentaZis (Goldberg, 1973) complete degeneration of corpora 
lutea appeared to occur over winter. Takydromus taahydromoides 
(Telford, 1969) is unique in having corpora lutea that 
degenerate to 0.7 mm after about three months but persist 
as small bright orange corpora albicantia for life. 
Corpora lutea also persist for different lengths of 
time in viviparous species. In both Lygosoma quoyi (Weekes, 
1934) and Xantusia vigiZis (Miller, 1948) corpora lutea show-
ed the first signs of luteal cell degeneration about the 
end of the second month. Degeneration was widespread at 
the time of birth and no corpora lutea were seen in the 
ovaries of Lygosoma quoyi two weeks after the birth of the 
young. In the ovoviviparous lizard SaeZoporus jarrovi (Gold-
berg, 1970) destruction was essentially completed a month 
after parturition although microscopic remnants were seen 
for two months, while ChaZcides oaeZZatus (Badir, 1968) retain-
ed faint yellow spots of persistent corpora lutea until late 
autumn. 
Although an attempt has been made by Cunningham and 
Smart (1934) to correlate luteal tissue hypertrophy and 
persistance of corpora lutea with vivipari ty, the investiga-
tions of Weekes (1934) and others show such a great variation 








and viviparous species that such a correlation cannot be 
made. 
The precise role played by the corpus luteum during 
the gestation period has not, so far, been determined for 
reptiles. Rahn (1939) and Bragdon (1951 and 1952) working 
with snakes reported that ovariectomy in the second trinester 
of pregnancy does not interrupt gestation. In contrast, 
Clausen (1940) and Fraenkel et al. (1940) found that the 
corpus luteum was essential during pregnancy in some other 
species of snakes. However, a more recent study by Badir 
(1968) showed that the corpora lutea are not essential at 
any period of gestation in the viviparous lizard ChaZcides 
oceZZatus. This conflicting evidence makes it impossible 
at present to establish the role of the corpus luteum during 
gestation. 
(iii) Atretic FoUicZes: The process of follicular 
atresia appears to be similar in HopZodactyZus macuZatus (Boyd, 
1940), Xantusia vigiZis (Miller, 1948) and SceZoporus ;jarrovf 
(Goldberg, 1970). The first signs of atresia are a slight-
ly vacuolate ooplasm, a gradual disappearance of vitelline 
membrane, zona pellucida and zona radiata, and an increase 
in the number of granulosa cells. Hypertrophied granulosa 
cells ("giant cells", Boyd, 1940) and macrophages phagocytose 
the yolk, and the theca interna hypertrophies. Atresia is 
completed with the disappearance of ooplasm and the inward 
migration of fibroblasts from the theca marks the position 






Follicular atresia was found to be rare in Hop"lodacty"lus 
macu"latus (Boyd, 1940), negligible in Cnemidophorus sex"lineatus 
(Hoddenbach, 1966) but common in some other species studied. 
In Xantusia vigi"lis (Miller, 1948), Uta stansburiana (Tinkle, 
1961), Leiolopisma rhomboida"lis (Wilhoft, 1963) and Xantusia 
riversiana (Goldberg and Bezy, 1974) atretic follicles could 
be found at all times of the year. However, in other 
species studied atresia followed ovulation. In Sce"loporus 
jarpovi (Goldberg, 1970), Calotesversico"lor (Varma, 1970) and 
viviparous lizards studied by Weekes (1934) atresia of ova 
was common after ovulation and continued during the gestation 
period. In the oviparous lizard Takydromus tachydromoides 
(Telford, 1969) a clutch of 3 or 4 eggs underwent atresia 
at the end of the breeding season and in Amphibolurus muricatus 
(~ekes, 1934) atretic 'follicles were found only after the 
ovulation of the last clutch. In Sceloporus occidenta"lis 
(Goldberg, 1973) follicular atresia increased after the 
completion of breeding. 
b) Oviduct 
Female lizards have equally well developed right and 
left oviducts which open separately into the cloaca. The 
oviducts can be divided into three major regions. The 









(i) Infundibulwn: The thin delicate walls of the 
infundibulum are thrown into flattened zig-zag folds. Its 
epithelium is made up of columnar ciliated cells and non-
ciliated goblet cells and the external muscle layers are 
very thin. In Hoplodaatylus maauZatus (Boyd, 1940) there is 
a small sphincter at the junction of the infundibulum and 
uterus, whereas in some other species (Cuellar, 1966b), a 
short neck separates the infundibulum and uterus. 
Seminal receptacles have been found adjacent to the 
mesentery or muscle band in the infundibulum of two lizards 
Coleonyx variegatus 2.nd PhyUodaatylus homolepidurus (Cuellar, 
1966b). Storage of spermatozoa in glands at the base of 
the infundibulum appears to be common in the colubrid, 
viperid, typhlopid and leptotyphlopid snakes (Fox, 1956; 
Saint Giron, 1957; Fox and Dessauer, 1962), and has also 
been reported in seminal receptacles in the albumen region 
in the Eastern Box turtle (Hattan and Gist, 1975) • 
(ii) Uterus: The thick walls of the tubular uterus 
are composed of an outer longitudinal muscle band, an inner 
circular muscle band, a fairly thick mucous membrane with 
saccular glands and a lining epithelium of ciliated cells 
and mucus secreting (goblet) cells. The uterine epithelium 
has a role in the production of the shell membranes and 
serves as the receptacle for ova at ovulation. Incubation 
chambers form during gestation in viviparous lizards, at 





Seminal receptacles occur between villi in the sub-
mucosa of the uterus of Xantusia vigiUs (Yaron, 1972). 
(iii) Vagina: Tissues seen in the uterus extend into 
the vagina but show regional specialization. The outer 
longitudinal muscle band is thrown into longitudinal folds 
at the utero-vaginal junction while the circular muscle band 
increases in width posteriorly. The vaginal mucosa is 
thrown into longitudinal folds that extend the entire length 
of the vagina. The number and height of the folds varies 
from species to species (Fox, 1963; Cuellar, 1966b; Schaefer 
and Reeding, 1973). From these folds ciliated tubular 
seminal receptacles extend into the vaginal wall in iguanids 
(Fox, 1963; Cuellar, 1966b) and chameleons (Saint Grions, 
1962). In Anolis caroUnensis bundles of spermatozoa were 
orientated with their heads facing the distal end of the 
tubules, but they did not come into contact with or alter 
the epithelial cells. However in some iguanid species 
(Cuellar, 1966b) the spermatozoa appeared to penetrate the 
epithelial cells lining the tubules, especially in the 
epithelial cells of the anterior vaginal folds. In Ewneces 
egregius a species without tubular seminal receptacles clumps 
of spermatozoa had penetrated the cytoplasm between the 
vaginal folds (Schaefer and Reeding, 1973). 
(iv) Oviducal Eggs and Placentation: Viviparity has been 
recorded in a number of lizard genera and since oviparous 
and viviparous species occur in the same genus, placenta-




species. This suggests that placentation has arisen 
independently many times in the course of evolution with 
parallel development of similar placental types. 
Viviparous lizards develop two placental areas; the 
yolk-sac or omphaloplacenta and the allantoplacenta. 
The omphaloplacenta is composed of hypertrophied 
uterine epithelium and yolk-sac ectodermal cells. The 
degree of development depends on the extent of the shell 
membrane. In those species with little or no shell mem-
brane beneath the yolk-sac, the omphaloplacental surfaces 
are well developed. Weekes (1935) suggested that the 
omphaloplacenta provides the developing embryo with water. 
She considered that gaseous or nutritional exchanges were 
improbable because neither the foetal or maternal sides of 
the omphaloplacenta had a rich blood supply. However, 
Boyd (1942) suggested that the highly developed omphalo-
placenta of Hoplodactylus maculatus functioned as a food 
absorbing as well as a water absorbing organ. Hoffman 
(1970) also attributed complex absorptive functions to the 
omphaloplacenta as his autoradiographic studies of Thamnophis 
sirtalis suggested that amino acid or protein may be supplied 
to the embryo via the yolk-sac placenta. 
The omphaloplacenta develops in the first week of 
gestation, but as the yolk-sac decreases in size towards the 
end of gestation this area of placentation is correspondingly 
reduced. Since in the last stages of gestation the allanto-





omphaloplacenta the latter presumably ceases to function. 
The allantoplacenta forms on the dorsal surface of the 
oviducal egg by modification of the uterine wall and extra 
embryonic membranes. It is usually well developed over a 
small area one month after gestation begins. As gestation 
proceeds the allantoplacenta completely surrounds the embryo 
and remains active until the birth of the young. 
Weekes (1935) has distinguished three types of allanto-
placental morphology. Type (i): "The partial degenera-
tion of maternal and embryonic epithelium allows for close 
apposition of maternal and embryonic blood vessels". The 
lizards with this type of placenta are Lygosoma quoyi, 
L. quad:r>idigitatwn, Egernia cunninghami, E. whitea, E.striolata, Mabuja 
multifasciatum, Tiliqua scincoides, T. nigrolutea, Chalcides ocellatus 
(Weekes, 1935) and Hoplodactylus maculatus (Boyd, 1942). Type 
(ii): "The maternal capillaries are raised into small folds. 
The grooves between the folds are lined with glandular 
epithelium but the capillaries themselves are exposed at 
the surface of the folds. The underlying chorionic 
,ectoderm may be thickened and glandular". The lizards with 
this type of placenta are Lygosoma pretiosum, L. oceUatwn and 
L. metaZUcwn (Weekes, 1935). Type (iii) is "the most 
specialized placenta where the uterine wall, over a distinct 
elliptical area beneath the main longitudinal uterine blood 
vessels, is raised into a series of folds filled with capil-
laries and lined with thickened glandular epithelium and is 
underlain by an elliptical embryonic area of much 





of placenta have reduced yolk content at the time of ovula-
tion. These lizards are Chalcides tridactyZus, Lygosoma 
entrecasteauxi, L. weekesae (Weekes, 1935) and Xantusia vigiZis 
(Heimlich and Heimlich, 1950). 
The simple types of allantoplacenta in which maternal 
and foetal blood supplies are in close contact due to the 
degeneration of uterine epithelium and chorionic ectoderm, 
are considered to have a respiratory function. Since 
these lizards have large yolk-sacs there seems little need 
for a maternal food supply. But where the yolk-sac is 
reduced the specialized placenta (type iii) has developed 
and its function is considered to be nutritional. 
None of the reptile placentae so far studied have shown 
any mingling of foetal and maternal tissues, so although 
adjacent areas of placenta are in close contact there is no 




1. Breeding Cycles in Male Lizards 
a) Temperate Zone Lizards 
Testicular activity has been studied in a number of 
temperate zone lizards and two basic patterns of annual 
reproductive activity have been recognised. 
In one group, which includes Lacerta muralis and L. agilis 
(Reiss, 1923), Sceloporus undulatus (Altland, 1941), Eumeces 
fasciatus (Reynolds, 194 3) , Sceloporus graciosus (Woodbury and 
Woodbury, 1945), Xantusia vigilis (Miller, 1948), Anolis 
ca1°0Zinensis (Dessauer, 1955; Fox, 1958; Licht, 1967), 
Sceloporus occidentalis (Wilhoft and Quay, 1961; Goldberg, 1974), 
Uta stansburiana (Asplund and Lowe, 1964; Hahn, 1964), Hemi-
dactylus flaviviridis ( Sany al and Prasad, 196 7), H. turcicus 
(Rose and Barbour, 1968), Lacerta sicula (Licht et al., 1969), 
Moloch horridus (Pianka and Pianka, 1970), Phrynosoma douglassi 
(Goldberg, 1971b), Gerrhonotus multicarinatus(Goldberg, 1972), 
Coleonyx variegatus (Parker, 1972a), Gerrhonotus coeruleus principis 
(Vitt, 1973),Sceloporus magister (Parker and Pianka, 1973; Vitt 
and Ohmart, 19 7 4) and S. woodi (Jackson and Telford, 19 7 4), 
the lizards emerge from hibernation with well developed 
testes which reach a maximum size in early spring. Spermat-
ozoa are shed in spring and early summer and testicular 
regression takes place in some species in midsurruner or in 
late summer in other species. The testes remain regressed 
for only a limited period, recrudescence begins in autumn 
and continues into early winter. These species enter 
> 
46. 
hibernation with enlarged testes but completion of testicu-
lar development is usually suppressed until they emerge in 
spring. 
The second pattern differs from the first in that the 
lizards enter hibernation with regressed testes and although 
limited testicular development may take place during winter 
they emerge from hibernation in spring with relatively small 
testes. Recrudescence occurs rapidly and testes reach their 
maximum development in early summer. The release of spermat-
ozoa occurs in late spring or summer and regression begins 
in mid or late su~.mer depending on the species. This 
pattern of annual testicular activity is displayed by the 
following species; Phrynosoma so la.re (Blount, 1929), SceZoporus 
orcutti (Mayhew, 19 6 3 ) , Urosaurus ornatus (Asplund and Lowe, 
1964), Uma notata (Mayhew, 1966a), U. scoparia (Mayhew, 1966b), 
Cnemidophorus tigris (Goldberg and Lowe, 1966), Hemiergis pe1~onii 
( Smyth and Smith, 19 6 8) , Uma inornata (Mayhew and Wright, 19 7 0) , 
SceZoporus jarrovi (Goldberg, 1971a), Dipsosaurus dorsalis (Mayhew, 
19 71) , Amph ibo Zurus iso Zepis (Pianka , 19 71) , Cophosaurus texanus 
(Ballinger et al., 1972; Schrank and Ballinger, 1973), 
Cnemidophorus gularis ( Schrank and Ballinger, 19 7 3) and Urosaurus 
graciosus (Vitt and Ohmart, 197 5). 
b) Tropical and Subtror.ical Zone Lizards 
A number of tropical lizards show no marked seasonal 
variation in testicular activity. These lizards capable 
of reproductive activity throughout the year are the 






LeioZopisma rhomboidaUs (Wilhoft, 196 3) and AnoUs trinitatis in 
Trinidad (Gorman and Licht, 1975). 
Other tropical species do display cycles in testicular 
activity. In some species, including Agama agama africana 
(Daniel, 1960), the Kenyan equatorial lizard A. agama Zionotus 
Marshall and Hook, 1960), A. agama from Ghana (Chapman and 
Chapman, 1964), AnoUs acutus (Ruibal et al., 1971), from the 
Virgin Islands, Gonatodes albogularis (Sexton and Turner, 1971) 
and anoles from the Isthmus of Panama (Sexton et al., 1971), 
testicular regression occurs during the dry season while 
the height of development coincides with or occurs just 
after periods of maximum rainfall. Marshall and Hook (1960) 
suggested that the height of activity coincided with an 
abundance of protein animal food which provides adequate 
nutrition for the development of gonads. 
Testicular regression in some tropical lizards does not 
coincide with a decline in rainfall. These species which 
include the New Hebridian skink Emoia cyanura (Barker, 1947) 
and the Australian skink LeioZopisma fuscwn (Wilhoft and Reiter, 
1965) and a number of Caribbean species of Anolis (Licht and 
Gorman, 1970; Gorman and Licht, 1975) show a decline in 
testicular activity during the coolest months of the year. 
c) Timing of Male Reproductive Cycles 
Although many workers have investigated the nature of 
the timing mechanisms which synchronise male lizard reproduc-






Miller, 1948; furtholomew, 1959; Mayhew, 1964) Licht (1971a) 
has cast doubt on the validity of these studies because of 
their poor experimental design and use of regimes which are 
not ecologically relevant. 
Studies of Dipsosauris dorsalis, Xantusia vigiUs (Licht, 
1971a) and La,ctera sicula (Fischer, 1970, cited Licht, 1972), 
suggest that endogenous annual cycles underlie testis cycles 
but consider that external cues probably phase the internal 
rhythm. 
The most important of the climatic cues studied appears 
to be temperature (Licht, 1972) as shown in the "obligatory" 
testicular cycle in Lactera sicula which displays an endogenous 
component which is sensitive to temperature (Licht, 1971a). 
But in other species, namely Anolis carolinensis photoperiodism 
is also important. In this species, a "facultative" cycle 
which "is almost wholly dependent on exogenous cues" (Licht, 
1971a), is sensitive to a complex pattern of light and tem-
perature. 
Although many studies of tropical lizards have consider-
ed rainfall to be directly or indirectly important in syn-
chronising the testis cycle,recent studies by Gorman and 
Licht (1975) indicate that testis regression is dependent 
on reduced temperature or daylength or a combination of these 
two in species of Anolis. 
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The outer layer of the testis, a thin tunica albuginea 
is composed of six to seven layers of connective tissue and 
contains a few scattered fibroblasts (Miller, 1948). Blood 
vessels, capillaries, a few fibroblasts and interstitial 
cells lie between the seminiferous tubules. 
Ci) Seminiferous Tubules: Seminiferous tubules are com-
posed of a definite basement membrane, Sertoli nuclei and 
syncytium and seasonally varying numbers of seminal elements. 
A number of histological studies have investigated 
seasonal changes in seminiferous tubules in species which 
display the first pattern of testicular activity (p. 45). 
The germinal epithelium height and seminiferous tubule dia-
meter increase during autumnal recrudescence. Spermato-
cytogenesis (production of spermatocytes) is the dominant 
process and primary or secondary spermatocytes are the most 
abundant seminal elements. By winter spermatids are 
usually evident. Gradual spermiogenesis (production of 
spermatozoa from spermatids) may take place over winter in 
some species, e.g. Xantusia vigiZis (Miller, 1948), AnoUs 
caroUnensis (Fox, 1958) and Uta stansburiana (Hahn, 1964), while 
in other species, e.g. SceZoporus ocaidentaUs (Wilhoft and 
Quay, 1961) the tubule diameter and epithelium height remain 
fairly constant over hibernation. In spring spermiogenesis 
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becomes the dominant process. As spermatozoa are shed 
the epithelium height is gradually eroded and a large lumen 
develops. During summer regression results in a decrease 
in tubule diameter and the Sertoli cytoplasm together with 
degenerating seminal elements obliterate the lumen in Ewneces 
fasciatus (Reynolds, 1943), Xantusia vigilis (Miller, 1948), 
SceZopor>us occidentaZis (Wilhoft and Quay, 1961; Goldberg, 1974), 
Uta stansburiana (Asplund and Lowe, 1964) and Gerrhonotus multi-
carinatus (Goldberg, 1972). In the regressed tubules only 
.quiescent spermatogonia remain lining the basement membrane 
and the tubule diameter reaches a minimum. 
In lizards which display the second type of testicular 
activity cycle (p. 46), rapid spermatocytogenesis in spring 
increases the epithelium height and tubule diameter to a 
maximum by late spring or summer. Spermiogenesis is 
extensive by early summer and causes a decrease in epithelium 
height while regression in late summer decreases both tubule 
diameter and epithelium height to a minimum. In the regress-
ed testis Sertoli cell cytoplasm is present in the lumen of 
Urosaurus ornatus (Asplund and Lowe, 1964), Cnemidophorus tigris 
Goldberg and Lowe, 1966) and Uma species (Mayhew and Wright, 
1970). During hibernation the testes of Vma inornata and 
U. notata (Mayhew and Wright, 1970) remain in a resting con-
dition and do not progress beyond the primary spermatocyte 
stage. In U. scoparia limited spermatocytogenesis takes 
place during hibernation and a limited number of secondary 
spermatocytes develop before emergence. 
51. 
Unlike the cycles descril:ed above, the tropical skink, 
LeioZopisma rhomboidaUs showed no seasonal variation in testi-
cular activity but some variation from tubule to tubule 
within the same testis was evident. Wilhoft (1963) sug-
gested that a wave-like pattern of proliferation might sweep 
down the tubules to be quickly followed by another. How-
ever in another tropical skink, Leiolopisma fascwn, Wilhoft and 
Reiter (1965) found that tubular diameter and spermiogenesis 
reached a maximum in December and January. The discharge 
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of spermatozoa reduced the epithelium height after which 
tubular diameter decreased and by March the tubules were 
fully regressed. 
(ii) Berto U Ce Us: Sertoli cells of different species 
of lizards appear to be cytologically similar to each other. 
There is little indication of cell boundaries and nuclei are 
ovoid or triangular with a prominant nucleolus. In Ewneces 
fasciatus (Reynolds, 1943), Xantusia vigiZis (Miller, 1948), 
SceZoporus occidentaUs (Wilhoft and Quay, 1961), Uta stansburiana 
(Halm, 1964) and Uma species (Mayhew and Wright, 1970) the 
nuclei abut the basement membrane but in LeioZopisma rhomboidaUs 
(Wilhoft, 1963) and L. fascwn (Wilhoft and Reiter, 1965) they 
are scattered in the cytoplasm. Sertoli nuclei are found 
in pairs in Sceloporus occidentaUs (Wilhoft and Quay, 1961), 
LeioZopisma rhomboidaUs (Wilhoft ~ 196 3) and Uta stansburiana (Hahn, 
1964). The nuclei lie parallel or perpendicular to the 
basement membrane or overlap slightly. Recent electron 
micrographs (Hahn, 1964) suggest that these pairs of nuclei 
are most probably contained within a common cytoplasm and 
\ 
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hence.the expression Sertoli syncytium may be used in 
reptiles. 
52. 
Annual fluctuations in the number of Sertoli cells have 
been seen in SceZoporus occidentaZis (Wilhoft and Quay, 19 61) 
and Cnemidophorus tigris ( Goldberg and Lowe, 19 6 6) . In the 
former there is a proliferation of Sertoli cells in July 
to August, when the seminiferous epithelium is at its low-
est height after spermiogenesis. In the latter, however, 
there is a decrease in numbers at this time, some of the 
cells being voided through the epididymis. 
Changes in nuclear shape and orientation have been 
reported in Ano Us caro linensis (Fox, 19 5 8) and SceZoporus 
occidentaUs (Wilhoft and Quay, 19 61). The Sertoli nuclei 
are flattened against the basement membrane throughout most 
of the year but at the end of spermiogenesis they are less 
compressed. Wilhoft and Quay also distinguished between 
lightly stained large ovoid nuclei, darkly stained irregular 
shaped nuclei and phagocytic nuclei but these changes have 
not been reported by other authors. 
At the end of spermatogenesis when the testis is regress-
ed the lumen is partially or totally invaded by Sertoli 
syncytium in Ewneces fasciatus (Reynolds, 1943), Xantusia vigilis 
(Miller, 1948), SceZoporus occidentaUs (Wilhoft and Quay, 1961; 
Goldberg, 19 7 4) , Urosaurus ornatus (Asplund and Lowe, 19 6 4) , Uta 
stansburiana (Asplund and Lowe, 1964; Hahn, 1964), Cnemidophorus 
tigris (Goldberg and Lowe, 196 6), Uma species (Mayhew and Wright, 
1970) and Gerrhonotus rrruUicarinatus (Goldberg, 1972). The 
) 
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syncytium may act in a phagocytic capacity and rid the cell 
of unshed spermatozoa and untransformed seminal elements 
but this invasion may be merely associated with a decrease 
in seminiferous tubule diameter. 
(iii) Interstitial CeUs: Interstitial cells in the 
testes of reptiles have oval to round nuclei and the vacu-
olated cytoplasm contains inclusions such as pigment granules 
or fat globules. 
The arrangement of interstitial cells varies according 
to the species. Altland (1941) did not find interstitial 
cells in Sce'loporus undufotus, while only a few cells, usually 
occurring in small intertubular aggregates, were found in 
Ewneces fasciatus (Reynolds, 1943), Xantusia vigi'lis (Miller, 
19 4 8 ) , Ano Us caro 'linen sis (Fox, 19 5 8 ) , See Zoporus occidenta Us 
(Wilhoft and Quay, 1961), Leio'lopisma rhomhoida'lis (Wilhoft, 
196 3), L. fascum (Wilhoft and Reiter, 196 5), Cnemidophorus tigris 
(Goldberg and Lowe, 1966) and Xantusia riversiana (Goldberg and 
Bezy, 197 4). Some species, e.g. Phrynosoma so'lare (Blount, 
19 2 9), Hemidacty'lus f'laviviridis ( Sany al and Prasad, 196 7) and 
Gerrhonotus muUicarinatus (Goldberg, 1972) are reported to have 
large aggregates of interstitial cells while teiid lizard~ 
(Cnemidophorus and Ameiva species) are unique in having a 
circumtesticular subtunic of interstitial (Leydig) cells as 
well as intertubular interstitial cells (Lowe and Goldberg, 
1966). 
Seasonal changes. in interstitial cell size and nuclear 




cell size and nuclear diameter, implying maximal secretory 
activity, accompanied the peak of the spermatogenic cycle 
in Phrynosoma solare (Blount, 1929), Lacerta muralis (Herlent, 
19 3 3), Ewneces fasciatus (Reynolds, 194 3), Anolis carolinensis 
(Fox, 1958), Sceloporus occidentalis (Wilhoft and Quay, 1961), Uta 
stansburiana (Hahn, 19 6 4) , Cnemidophorus species ( Lowe and Gold-
berg, 19 6 6) , Hemidactylus flaviviridis ( Sany al and Prasad, 19 6 7) 
and Gerrhonotus multicarinatus (Goldberg, 1972). However, no 
ev~dence of seasonal changes in the mean nuclear diameter 
could be found in Xantusia vigilis (Miller, 1948), Leiolopisma 
rhomboidalis (Wilhoft, 19 6 3) and Dipsosaurus dorsalis (Mayhew, 
1971). 
Variations in interstitial cell numbers have been con-
sidered by various authors but no regular pattern of changes 
has emerged. 
b) Epididymis and Vas Defere'::~. 
The epididymis and vas deferens enlarge during the 
breeding season in the temperate zone lizards Ewneces fasciatus 
(Reynolds, 1943), Xantusia vigilis (Miller, 1948), Anolis 
carolinensis (Fox, 1958), Urosaurus ornatus (Asplund and Lowe, 
196 4), Uta stansburiana (Asplund and Lowe~ 19 6 4; Hahn, 19 6 4) , 
Hemidactylus flaviviridis (Sanyal and Prasal, 1967), Uma species 
(Mayhew and Wright, 1970), Dipsosaurus dorsalis (Mayhew, 1971) 
and Gerrhonotus multicai~inatus (Goldberg, 19 7 2). The increase 
in ductus diameter follows that seen .in the seminiferous 




most striking change in the epididymis is an/ increase in 
epithelial cell height and secretory activity, which is co-
incident with the production of the first spermatozoa in 
the testes. The secretory activity of the epididymis, 
which continues for as long as the seminiferous tubules are 
shedding spermatozoa, is connected with its function as a 
storage organ for mature spermatozoa (reviewed Forbes, 
1961). 
The seasonal enlargement of the ductus deferens appears 
to be influenced by the quantity of spermatozoa in the lumen. 
The epithelium usually becomes stretched when the lumen is 
packed with spermatozoa. It may however show secretory 
activity as in Anolis caroZinensis (Fox, 1958). 
In contrast to temperate lizards Wilhoft (1963) has 
reported that in the tropical lizard Leiolopisma rhomboidal.is 
the epididymis and vas deferens are highly developed all year 
and there is no seasonal variation in epithelium height or 
secretory activity. 
The breeding potential of lizards has been measured by 
the presence or absence of motile spermatozoa at the 
cloacal opening of the vas deferens. There is a lapse of 
about a month between the maximum testis size and appearance 
of spermatozoa at the end of the vas deferens. As the 
epididymis and vas deferens act as storage organs for 
spermatozoa, the duration of breeding usually exceeds 
production of spermatozoa by the seminiferous tubules. 
Some lizards store spermatozoa for relatively short periods, 
. ! 
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e .. g. about 3 to 4 months in Uma scoparia (Mayhew, 1966), 
Dipsosaurus dorsaZis (Mayhew, 1971) and Gerrhonotus muiticarinatus 
(Goldberg, 1972), while others may be potential breeders for 
4 to 5 months as are Eumeces fasciatus (Reynolds, 1943), 
SceZoporus orcutti (Mayhew, 196 3) and Uma species (Wilhoft and 
Wright, 1970). The breeding season is extended to 5 to 6 
months in Ano Us caroZinensis (Fox, 19 58), Uta stansburiana 
(Asplund and Lowe, 1965; Hahn, 1964) and Hemidactylus flavivi-
ridis (Sanyal and Prasad, 1967). The tropical lizards 
Agama agama Zionotus (Marshall and Hook, 1960) and LeioZopisma 
rhomboidalis (Wilhoft, 1963) can presumably breed at all times 
of the year as they always have spermatozoa in the ductus 
deferens. There appears therefore to be a grading from 
"short" term breeders of most temperate zone lizards to an 
"intermediate" condition seen in Ano Us caroZinensis and Uta 
stansburiana, which are non-hibernators, to the "continual" 
breeders of tropical areas. 
c) Renal Sex Seament 
In male lizards a section of the kidney, known as the 
renal sex segment, hypertrophies during the breeding season 
and becomes so large that it is easily visible to the naked 
eye. The portion of the kidney which makes up the sexual 
segment varies between liza~ds. In some species of Anguis, 
Lacerta and Phrynosoma the preterminal portion of the nephron 
forms the sexual segment (Forbes, 1941). In others, e.g. 
Lacerta muralis., L. agilis (Reiss, 1923) and Ewneces fasciatus 




hypertrophy while in others again the sexual segment is 
composed of collecting tubules and ureters only, e.g. 
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See Zoporus spinosus fZoridans (Forbes , 19 41 ) , Ano Us caro linens is 
(Fox, 1958), HemidactyZusflaviviridis (Sanyal and Prasad, 1966) 
and Cnemidophorus Z. Zemniscatus (Del Conte, 1972). In 
Takydromus the preterminal and terminal segments of the 
nephron, collecting tubules and ureters all hypertrophy to 
form the sexual segment (cited Forbes, 1961), 
Although sexual segment elements were considered to be 
found exclusively in males, Del Conte (1972) reported find-
ing a much smaller, less differentiated sexual segment in 
the middle collecting ducts of female Cnemidophorus Zemniscatus. 
The cyclic seasonal changes in the development of the 
renal sex segment are synchronised with the cycles of the 
interstitial cells and the epididymis. The sexual segment 
remains secretory for as long as spermatozoa are found in 
the epididymis and vas deferens. This may be for a period 
of 4 to 5 months in Eumeces fasciatus (Reynolds, 1943) and Anolis 
caroZinensis (Fox, 1958) or as long as 6 to 7 months in 
Hemidactylus flaviviridis (Sanyal and Prasad, 1966). After the 
spermatozoa are released from the vas deferens, the cells of 
the sexual segment regress and remain that way until 
spermiogenesis takes place the following year. 
Wilhoft (1963) reported that in the tropical skink 
LeioZopisma rhomboidaZis the renal sex segment was hypertrophied 
and remained active throughout the year. 




composed of columnar cells. The apical portion of each 
cell is packed with secretory granules which push the small 
round nucleus to the base of the cell. The encapsulated 
granules (Sanyal and Prasad, 1966) are released into the 
lumen of the sexual segment by apocrine secretion. The 
secretory granules of the sexual segment contain mucopoly-
saccharides, glycogen, neutral glyco- and mucoproteins, 
lipids, phospholipids, choline and acid phosphatase (Bishop, 
1959; Deb and Sarkar, 1963; Burtner et al., 1965; Mirsa et 
al., 1965; Sanyal and Prasad, 1966). 
It has been proposed that the sexual segment secretion 
supplies a nutritive medium for spermatozoa. A recent 
study by Cuellar et al. (1972) has confirmed this and also 
shows that the secretion enhances the motility of spermatozoa. 
d ) Preo:na l and Femoral Glands 
Rows of glands are found in the preanal and femoral 
regions in Lacertids and in many iguanids and geckos. 
Externally, a waxy cone, opening by a pore, protudes 
from each scale. This cone is secreted by the gland just 
beneath it. The gland, either mushroom shaped (femoral 
glands of Crotaphytus coUaris, Cole, 1966) or tube shaped 
(preanal glands of Gekkonid lizards, Maderson, 1972) are 
lined with stratum germinativum which is continuous with 
that of the normal body epidermis. The germinal cells at 
the base of the gland produce cells which pass into the 




pore forming a glandular secretion. 
Glands reach their greatest size during the breeding 
season (Cole, 1966) and are considered to prevent the thighs 
and cloacae from slipping apart during copulation. Both 
the sticky waxy secretion and the roughness of the cones 
would help to stick the lizards together. 
D. TAIL AND CARCASS 
1. Tail and Carcass Lipid 
Most workers studying lipid levels in the carcass have 
extracted lipid from all the tiss~e remaining after the 
removal of gonads, fat body, liver and gastrointestinal 
tracts. Their analyses therefore include lipid from the 
tail. However recent studies (Avery, 1970; Derickson, 
1974; Smyth, 1974) have analysed lipid levels from carcass 
and tail separately and established the importance of tail 
lipid as an energy store. It is therefore important to 
study these two lipid depots separately. 
a ) Tail Lipid 
Although Bustard (1967) and Bellairs (1969) both sug-
gested that tail fat provides an energy store for prolonged 
periods of food shortage (either during hibernation or 
drought), in many geckos, skinks and other liza.rds, the 
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importance of tail fat was confirmed when Avery (1970) found 
that tail lipid fell by approximately one half in Laaerta 
vivipara during hibernation. 
Caudal fat is,however, also utilized during the breed-
ing season. Smyth (197 4) established that in male Morethia 
bouZ.engeri and Hemiergis peronii tail fat decreased during the 
season they were in breeding condition, while the females 
of both species lost fat from the tail during egg production. 
He considered that tail fat accounted for about a third of 
the fat incorporated into the eggs. Experimental tail 
removal reduced the clutch size, more in H. peronii (which has 
no dissectable fat bodies) than in Morethia bouZengeri. Smyth 
(1974) suggested this may be due to the reduced fat supply 
available for the eggs, but a reduction in available protein 
and perhaps other materials may also affect egg production. 
Derickson (1974) also found that tail fat was mobilized 
during egg production and starvation in SaeZoporus graaiosus 
even though this species contained only a .small tail lipid 
depot. 
b) Carcass Lipid 
Carcass lipid levels (excluding tail lipid) in Lacerta 
vivipara (Avery, 1970) and Morethia bouZengeri (Smyth, 1974) 
decrease only slightly during hibernation and show little 
variation throughout the rest of the year. Studies which 
include tail lipid with carcass lipid (Dessauer, 1955; 
Gaffney and Fitzpatrick, 1973) show a marked decrease in 
lipid during hibernation which most probably reflects changes 
·i 
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in tail lipid to a greater extent than changes in carcass 
lipid. 
In Sceloporus graciosus, carcass lipid appeared to be used 
mainly for reproductive purposes since it decreased as egg 
lipid increased (Derickson, 1974). 
c) Fatty Acids of Tai i and Carcass Lipid 
A recent gas chromatographic study by Brian et al.(1972) 
has revealed that oleic acid (18:1) is the major fatty acid 
in the carcass lipid (including tail lipid) of both sexes 
of Cnemidophorus tigris. They found that palmi tic acid (16: 0) 
was the second most abundant acid followed by linoleic 
acid (18:2). 
2. Muscle Enzyme Histochemistry 
A limited number of histochemical investigations of 
reptile muscle enzymatic activity have been undertaken but 
none of these consider seasonal variation in enzymatic 
activity. 
Ogata and Mori (1964) have classified vertebrate muscle 
fibres on the basis of the intensity of succinic dehydrogenase 
activity. Red fibres show highest succinic dehydrogenase 
activity, white fibres low activity and medium fibres have 
intermediate activity. In two species of lizard, Eumeces 
Zatiscutatus and Gecko japonicus, in the tortoise, Amyda. japonica, 





able to distinguish the three types of muscle fibres. 
Talesara (1972) studied both the trunk and tail muscle of 
the Indian snake Xenochrophis piscater and also showed highest 
succinic dehydrogenase activity in red fibres, moderate 
activity in medium fibres and relatively lpw activity in 
white fibres. 
Ogata and Mori (1964) also studied the distribution of 
beta-hydroxybutric dehydrogenase in reptile muscle. In 
Ewneces latiscutatus low activity was evident in red fibres but 
only a trace of activity showed in medium and white fibres. 
In Gecko japonicus low activity was evident in both red and 
medium fibres while only a trace could be seen in white 
fibres. 
Reptile glycolytic enzymes have been investigated in 
a study by Venzhbinskaya and Savina (1969). They found 
that in spring and summer slow moving reptiles (turtle racer 
snake and legless lizard) have low muscle phosphorylase 
activity while ;phosphorylase activity is much greater in the 
muscles of smaller more active lizards. 
In a study of esterase multiplicity in the lizard 
Chlamydosaurus kingii, Holmes et al. ( 196 8) found that muscle 
esterase activity was low compared to that of the liver. 
Carboxylesterase accounted for the major proportion of 
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E. TOTAL BODY LIPID 
a) Total Body Lipid in Temperate Lizards 
Further to those studies of seasonal lipid changes in 
particular organs already covered, many workers have meas-
ured total body lipid. Although total lipid has been 
expressed in a variety of ways, Dessauer (1953), Mueller 
(1969) and Avery (1970) all found that total body lipid 
decreased during hibernation in temperate zone species. 
b) Total Body Lipid in Tropical Lizards 
In a study of tropical anoline lizards Sexton et al. 
(1971) found that total body lipid reached a peak during the 
·dry season and dropped sharply early in the wet season. 
Reserves then built up again as the dry season approached. 
Since the highest level of lipid was reached prior to the 
wet season they suggested that it "could act as reserves for 
the rapid production of gametes or for renewed reproductive 
activities at the onset of conditions favourable for hatch-
ing and growth of the young". 
c) Lipid Classes and Fatty Acids of Total Body Lipids 
Although no reports of the lipid classes in total body 
lipid of lizards could be found in the literature, Sanyal 
and Prasad (1965) have measured total cholesterol levels 
in the body of Hemidactylus flaviviridis. They found that total 




feed on insects. During winter months when lizards are 
in a state of semi-dormancy total cholesterol declined to 
a basal level. They suggested that the basal level of 
cholesterol is possibly maintained either by mobilization 
from depot fat or by lowering utilization of cholesterol. 
Hildebran and Harclerode (1968) analysed the fatty 
acids of total body glycerides of Ewneces fasciatus and found 
that nearly 80% of the total fatty acids were unsaturated 
and that oleic acid (18:1) was the major component acid. 
-.( 
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C H A P T E R 2 
MATERIALS AND METHODS 
I. MATERIALS 
1. Animals 
Two species of lizard were used in this study, the 
diurnal skink, Leiolopisma zeZandica (Gray), Family Scincidae, 
and the nocturnal gecko HopZodactyZus pacificus (Gray), Family 
Gekkonidae. 
The skink is a sleek animal with a cream to brown back-
ground colour broken by two dorso-lateral dark stripes 
(Fig. 1). Skinks show no sexual dimorphism. Dissection 
was the only reliable method by which the sexes could be 
identified. Adult skinks have a snout-vent length of at 
least 5 cm and weigh over 1.9 g. 
The gecko, a more thickly set animal than the skink, 
varies in background colour from grey to brown and has dark 
dorsal longitudinal lines or a dark mottled colour pattern 
(Fig. 1). Although the mottled colour pattern is the most 
common, lizards with either pattern are found together and 
so no distinction can be made between colour pattern and 
habitat type. Sexual dimorphism is apparent in geckos. 
The males have larger cloacal sacs (blind sacs which open 
by a crescent shaped slot) and spurs (present on each side 
of the tail base) as well as preanal glands which become 
orange during the breeding season. Adult geckos have a 
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FIGURE 1: 
(A) Skink, Leia lopisma ze Zandica (Gray) 
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snout-vent length of at least 5.0 cm and weigh over 2.0 g. 
Only adult lizards were used in this study, any skinks 
under 1.9 g or geckos under 2.0 g were discarded because 
their reproductive organs were not fully developed. 
2. Collection Sites and D~stribution 
All lizards were caught from two sites in the vicinity 
of Alexandra, Central Otago. The skinks and a small pro-
portion of the geckos were collected from a half mile stretch 
of hilly country along the roadside at the Clyde end of the 
Cromwell Gorge. This area had numerous rocky outcrops 
between which short grasses and thyme predominated. The 
majority of geckos were caught from an area at the top of 
'Three Mile Hill' just off the main road, east of Alexandra. 
This area was characterised by large flat rocky outcrops 
which were separated by stretches of short grazed grass.· 
Skinks were evenly distributed throughout the area 
during the day. At night they sheltered under large rocks 
where they curled up between a soil-rock interface. Skink 
collections were completed before sunrise because once their 
body temperature rose as a result of basking, their increas-
ed speed and agility made them difficult to catch. 
The distribution of geckos was very patchy because they 
were confined to rocky outcrops. Since geckos are
1
~octurnal 
they sheltered during the day, and with few exceptions were 
found between rock-rock interfaces. 
-l 
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These two species are the only ones found in this in-
land area of Central Otago. Other more temperate areas 
in New Zealand have a more diverse lizard fauna. 
3. Availability 
Lizards were readily caught from the beginning of 
September to the beginning of May, but their availability 
during May and August varied from year to year depending 
on the climatic conditions. In 1971 lizards were caught 
until the third week in May but in 1972 all had disappeared 
by the first~week owing to consecutive hard frosts and cold 
day conditions. In the last weeks of May, and in June, 
July and the first weeks of August no lizards were caught. 
According to local quarrymen (personal communication), the 
animals take shelter under huge rocks and in crevices in 
the rocky outcrops during winter. Although skinks do 
emerge from their shelter during hibernation, especially 
on sunny days at the end of the hibernation period, they 
move very sluggishly and do not feed (Mrs. 0. Smithels, 
personal communication). Geckos did not reappear until 
the first week in September when the severity of frosts had 
lessened. 
4. Artificial Hibernation 
Since lizards could not be caught in the field during 
winter, large collections of lizards were made in May and 








in cages, which had adequate large rocks for cover, in a 
constant temperature room at 5°C. Artificial light was 
supplied according to daylight hours at that time. The 
lizards were disturbed at the beginning of each month when 
they were weighed and some s~lected for the monthly sample . 
II. PROCEDURE 
A. FAT BODY 
1. Seasonal Cycle (Monthly) 
a) Fat bodies from each lizard were weighed to the 
nearest 0.1 mg. 
b) Lipid: The fat bodies of each lizard were placed in 
individual stoppered test-tubes containing 10 ml 
chloroform-methanol (2:1, v/v). The fat was 
extracted (Method III:l). 
2. Lipid Analysis (January, May, July, September) 
In these months fat from females and males was pooled 
and an aliquot analysed by thin layer chromatography and gas-
liquid chromatography (Method III:3 and III:4 respectively). 
B, LIVER 
1. Seasonal Cycle (Monthly) 
a) The liver from each lizard was weighed to the near-
est 0.1 mg and shredded with scissors. 
·( 
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b) Lipid: Half the shredded liver from each specimen 
was put separately in stoppered test-tubes contain-
ing 10 ml chloroform-methanol. The total lipid 
was extracted (Method III:l). 
c) Glycogen: The other half of the liver was analysed 
for glycogen by the Greenburg and Glick modification 
of the glucose oxidase method (Method III:2). 
Glycogen analysis was completed within 48 hours of 
capture. 
2. Lipid Analysis (January, May, July, September) 
In these months fat from females and males was pooled 
and an aliquot analysed by thin layer chromatography and 
gas-liquid chromatography (Methods III:3 and III:4). 
3. Histochemistry (January and July) 
Livers were dissected from 8 skinks and 8 geckos caught 
in January (midsummer) and from 3 skinks and 4- geckos taken 
from artificial hibernation in July (midwinter). Most of 
the tissue was immediately frozen in liquid nitrogen and 
used for histochemical studies (Method III:5). The remain-
ing small amount of tissue was fixed appropriately and used 
for transmission electron microscopy studies (Method III:6). 
C. REPRODUCTIVE ORGANS 
1. Seasonal Cycles (Monthly) 
a) Female: Ovaries and oviducal eggs were weighed to 
the nearest 0.1 mg and their dimensions measured to 
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the nearest millimetre with calipers. Egg numbers, 
presence of corpora lutea and the state of the 
oviduct were also noted. 
b) Male: Testes were weighed to the nearest 0.1 mg and 
their dimensions measured to the nearest millimetre 
with calipers. The vas deferens was cut as it 
extended over the kidney and a smear was made of 
the seminal fluid to verify the presence or absence 
of spermatozoa. 
c) Lipid: Ovaries and oviducal eggs or testes from each 
lizard were put into separate stoppered test-tubes, 
each containing 10 ml chloroform-methanol. The fat 
was extracted (Method III:l). 
2. Lipid Analysis (January, May, July, September) 
In these months the ovary or oviducal egg fat was pool-
ed and an aliquot analysed by thin layer chromatography and 
gas-liquid chromatography (Methods III:3 and III:4). 
3. Histology (Monthly) 
Each month, the gonads of a female and male skink and 
gecko, were used for histological investigation of the 
reproductive system. These gonads together with the kid-
neys and in the case of the male gecko, with the preanal 
glands, were carefully dissected from the animal and im-
mersed in Zenker's solution for 24 hours. The tissues 
were washed, cleared, embedded in 11 Paraplast" and cut at 
5 µm to 8 µm. Sections were stained with either Mallory's 
_/ 
7 3. 
trichrome stain or Mayer's haemalum and eosin. 
The following measurements were all made with an ocular 
micrometer. In females: Oocyte diameter, thecal height, 
height of follicular epithelium, and width of vitelline 
membranes; Corpus luteum length, and thecal width. In 
males: seminiferous tubule, epididymal and renal sex seg-
ment tubule height and diameter. All measurements of 
tubular diameters and epithelium heights were made on true 
or nearly true cross-sections. In the skink the epididymis 
varies regionally so measurements were only taken from the 
middle section. The presence or absence of spermatozoa 
in male testes, epididymis and vas deferens and in female 
reproductive tract was also noted. 
D. TAIL AND CARCASS 
1. Seasonal Cycle (Monthly) 
a) Tail Lipid: The tail of each lizard was weighed, 
~ homogenised in a Waring blender with 15 ml chloro-
•) form-methanol (2:1, v/v) and transferred to stop-
pered flasks. The blender was rinsed twice with 
30 ml chloroform-methanol and this mixture was 
added to the homogenised tissue in the stoppered 
flasks. The fat was extracted (Method III:l). 
b) Carcass Lipid: The remaining carcass (minus the gastro-
intestinal tract) was weighed, homogenised in a 
Waring blender with 30 ml chloroform-methanol and 






rinsed twice with 40 ml chloroform-methanol and 
this mixture was added to the homogenised tissue 
in the stoppered flasks. The fat was extracted 
(Method III:l). 
2 . Lipid Analysis (January, May, July, September) 
In these months the tail fat from female and male 
specimens was pooled and an aliquot analysed by thin layer 
an¢ gas liquid chromatography (Methods III:3 and III:4). 
Fat from the carcass was similarly processed. 
3, Histochemistry (January and July) 
Hind leg muscle and tail muscle dissected from lizards 
caught in January (midsummer) and from lizards in artificial 
hibernation in July (midwinter) was immediately frozen in 
liquid nitrogen and used for histochemical studies (Method 
III:5). 
III, EXPERIMENTAL METHODS 
III:l Fat Extraction 
Tissues were left in appropriate volumes of chloroform-
methanol (see individual sections above) for two to three 
days, and then shaken for 10 minutes. 0.4 ml of phosphate 
buffer (0.2M KH 2 P0 4 ) was added for each ml of the tissue 
and chloroform-methanol mixture. This divided the mixture 
into two phases. The top phase, containing methanol, 
phosphate buffer and tissue was removed by suction. The 
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lower phase, or aliquots of the lower phase (in the case 
of tail and carcass) containing chloroform and fat was 
evaporated to dryness under a slow stream of nitrogen and 
the fat was weighed. The fat was transferred to bijou 
bottles and stored at -20°C until required·. The tissue 
collected from the top phase was re-extracted to check that 
all the fat had been removed. 
III:2 Glycogen Analysis 
/ 
Greenburg and Glick modification of the Glucose oxidase 
Method (Glick, 1963.) 
(i) Weighed shredded liver was put in reaction tubes 
and 3 ml of 80% methanol was added to each tube which was 
capped and shaken. After centrifugation at 4000 x g for 5 
' mins the supernatant containing glucose was discarded and 
the residue dried in a vacuum desiccator over silica gel. 
(ii) 0.9 ml of acid mixture (4:1, v/v of 5% tri-
chloroacetic acid and 2. 3N hydrochloric acid) was added to 
the dry residue, the tube was capped, mixed and placed in 
boiling water bath for 12 minutes. The tube was then cen-
trifuged at 4000 x g for 5 mins and O. 66 ml of clear super-
natant containing glycogen was transferred to sealed tubes. 
Glycogen was hydrolysed in a boiling water bath for 2 hours. 
(iii) The sample was made up to 1 ml by adding 0.33 ml 
of 0.93N sodium hydroxide and the glucose was digested with 
2 ml of enzyme mixture (glucose oxidase, horseradish per-
oxidase and o-dianisidine solution) for 45 mins at 37°C. 
\ 
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The reaction was stopped by the addition of 1 ml of 2N 
hydrochloric acid. 
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(iv) The absorbance was measured at 400 nm against a 
blank in which the sample was replaced by distilled water 
and the glucose content calculated against standard glucose 
solutions. 
Tissue remaining at step (ii) was reprocessed to check 
that all the glycogen had been extracted from the tissue. 
III: 3 Thin L2yer Chromatography 
Lipid samples were plated and run according to normal 
thin layer chromatography methods. 
Each plate was coated with the following solution: 
15 g of Kieselgel G; 29.8 ml absolute alcohol; 0.2 ml of 
scintillation fluid (PPO/POPOP). Plates were activated 
by placing them in an oven at llO~C for half an hour. The 
plate was cooled to blood heat before the known amount of 
lipid dissolved in chloroform was spotted about 2 cm from 
the bottom edge of the plate. The component lipid frac-
tions were separated in a closed chromatography tank using 
petroleum spirit (B.P. 40-60°C): diethyl ether: glacial 
acetic acid, 85:5:1 (v:v:v), dried and compared to a stand-
ard plate under ultraviolet light. This enabled the 
phospholipid, cholesterol, non-esterified fatty acid, tri-
glyceride (including very small amounts of monoglyceride and 




An attempt was made to measure the weight of each lipid 
fraction. Each lipid band was scraped from the plate, 
washed in the following solutions and separated from the 
Kieselgel solution by a sintered glass filter. Phospho-
lipid was dissolved and washed off in methanol; cholesterol 
and non-esterified fatty acid in chloroform-methanol, 2:1 
(v:v); triglyceride (plus monoglyceride and diglyceride) 
in chloroform and cholesterol esters in petroleum spirit 
(B.P. < 40°C). Each component lipid fraction was evaporat-
ed to dryness in a stream of nitrogen and weighed. Plates 
with no lipid on them were run at different times during the 
separations. The appropriate areas of these control plates 
were scraped and the quantity of impurities present in each 
band was measured. These control figures were averaged 
and taken from the weights for individual component frac-
tions. From this corrected weight the percentage recovery 
for each plate was calculated. 
The two main sources of error were (i) in weighing 
small quantities of lipid and even smaller quantities of 
lipid fractions,and (ii) in the recovery of each lipid 
fraction from the plate. If during the washing some of 
the lipid remained in the Kieselgel the percentage recovery 
would be lower than 100% and if some of the Kieselgel was 
washed through the filter recovery rates would be greater 
than 100%. The greatest errors were evident when small 
samples were plated while larger samples showed 80-100% 
recovery. These figures are therefore not very accurate 




III:'+ Gas-Liquid Chromatography 
Methyl esters were prepared from each lipid component 
according to the method of Morrison and Smith (1964). 
Phospholipid and non-esterified fatty acid samples separat-
ed by thin layer chromatography were methylated in a teflon 
sealed screwtop tube with 2.5 ml BF 3 /methanol for 30 and 
2 minutes respectively. Triglyceride and cholesterol ester 
samples were methylated with 2.5 ml of BF 3 /methanol:chloro-
form:methanol- (vols 7:6:7) for 45 minutes. After cooling 
the esters were extracted by adding two volumes of petroleum 
spirit (B.P. < 40°C) and one volume of water and removing 
the top petroleum layer after centrifuging. 
These methyl esters were analysed by a Packard Gas 
Chromatograph Model 871 with an argon ionization detector. 
The glass colurrm(S ft long, and\" I.D.) was packed with 
18% (W/W) Polyethylene glycoladipate coated over chromosorb 
W (80-100 mesh). The detector temperature was 190°C and 
the argon gas flow 40 ml/min. 
The peaks of the samples were identified by comparison 
with retention times of known standards. The area of each 
peak was calculated by a triangulation procedure and values 
computed are the areas of each individual peak expressed as 
a percentage of the total peak area. Non-esterified fatty 
acid samples were very small and in many cases were not 
large enough to register any but the most abundant fatty 
acids on the profile. In such cases those fatty acids 
usually present in small amounts would not be resolved,so 
) 
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such samples were discarded. 
III:5 Histochemistry 
Liver and muscles from hind leg and tail obtained from 
hibernating animals in winter (July 1971) were kept at 
-20°C in airtight containers until the following summer 
(January 1972). They were then opposed to the correspond-
ing muscle or liver from active lizards to form a ''sandwich 
block''. Some control tissues from active animals caught 
in summer (March 1972) were also kept at -20°C until the 
following winter and then opposed to muscle or liver of 
freshly killed hibernating animals. 
The "sandwich block" of tissues was assembled over 
dry ice, to eliminate the possibility of thawing. The 
flattest sides of the two tissue samples were opposed on 
a chuck and embedded in cryoform. Serial sections 4-18 µm 
thick were cut at -20°C in a cryostat and placed directly 
on a slide. 
The activity of the following enzymes were studied. 
Succinate dehydrogenase and beta-hydroxybutyratedehydro-
genase were demonstrated using nitro blue tetrazolium 
(Nitro BT) as the electron acceptor together with the 
appropriate substrate in Tris buffer at pH 7.4 (Nachlas 
et al., 1957). Phosphorylase was detected by the method 
of Takeuchi and Kuriaki (1955) and Takeuchi (1956) in which 
glucose-1-phosphate was used as substrate, insulin and 
adenosine-5-phosphate were used as activators and glycogen 
.. { 
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as a primer. Newly formed glycogen is built up in long 
unbranched chains with 1,4, linkages, and stained bluish 
black with iodine so it can be easily distinguished from 
the mahogany coloured deposits of pre-existing glycogen. 
Esterase was demonstrated using the Holt and Withers method 
(1958) with 5-bromo~indoxyl acetate as substrate in Tris 
buffer at pH 7.4. Low concentrations of ferricyanide and 
ferrocyanide were used as oxidation catalysts for optimum 
demonstration of indigo (Shnitka and Seligman, 1961). 
Alkaline phosphatase was detected using the modified coupling 
azo dye method (Pearse, 1960, 1968) with alpha-naphthyl 
phosphate as substrate and Fast Red TR as the diazonium dye 
in Tris buffer at pH 9.0. Adenosine triphosphate was 
demonstrated using the calcium method after Padykula and 
Herman (1955). 
Haematoxylin and eosin and periodic acid-Schiff (PAS) 
stains were also undertaken. 
On completion of histochemical reaction all sections 
were fixed in 10% neutral formalin and mounted in glycerine 
jelly. 
In an attempt to identify the nature of the brown liver 
pigment the following tests and properties were studied: 
fluorescence under UV, activity in polarized light, Perls 




III:6 Transmission Electron Microscopy 
Fresh liver samples were fixed in cacodylate buffered 
2.5% glutaraldehyde at 0-4°C and post fixed in 1% osmium 
tetroxide. Fixed tissues were washed in several changes 
of buffer and embedded in Epon 812 resin. Thin sections 
were stained with uranyl acetate followed by lead citrate. 
Sections were examined in an Hitachi HU llA transmission 
electron microscope. 
IV. STATISTICAL METHODS 
The Students T test was used to test for significant 
differences between monthly samples and between male and 




C H A P T E R 3 
RESULTS 
A. LIZARD WEIGHT 
A total of 242 skinks (140 females and 102 males) and 
241 geckos (140 females and 101 males) were caught from 
May 1970 to May 1972. Only adult lizards were used in 
this study; i.e. skinks over 1.9 g and geckos over 2.0 g. 
Some specimens under these weights were processed in the 
winter months if they had been over the adult weights when 
put into hibernation. 
Fig. 2 shows the mean monthly weight of skinks and 
geckos used in the study while the individual weights for 
each lizard processed are tabulated in Appendices I and II 
for skinks and geckos respectively. 
Since lizards were not fed in artificial hibernation 
the samples showed a decrease in mean weight over winter. 
During the rest of the year the mean male lizard weights 
remained fairly constant but female mean weights increased 
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B, FAT BODY 
1, Gross Morphology 
As in other lizards the skink, Leio"lopisma zeZandica and 
the gecko, HopZodactyZus pacificus have fat bodies which lie in 
a ventral position at the caudal end of the abdominal 
cavity. They are attached to the lateral abdominal wall 
and lie one on each side of the bladder. 
Large fat bodies in the skink spread over the lower 
abdominal regions as flat, bilobed structures, which almost 
meet along their inner margins. Gecko fat bodies are smal-
ler with a less distinct oval shape, and rarely cover the 
whole area of the lower abdomen. 
Some skink fat bodies were white but most appeared 
pinkish; this suggests that they were extensively vascu-
larised. During November and December when female and male 
fat bodies were very depleted the colouration increased and 
became deep pink to orange. Most gecko fat bodies were 
white and only a few became noticeably pink as they decreas-
ed in size. 
The largest fat bodies collected from female and male 
skinks weighed 237.8 mg and 14-6.5 mg from April and February 
specimens respectively. The largest fat bodies collected 
from gecko males and females had wet weight of 115.7 mg and 






2. Seasonal Cycles 
a) Seasonal, Variation in Fat Body Weight Ratio 
(i) Skink: Seasonal variations in the mean fat body 
weight ratio (i.e. fat body weight expressed as a percentage 
of total body weight) are shown in Fig. 3, while individual 
fat body weights and ratios are tabulated in Appendix I. 
Female fat body weight ratio was at a maximum (4.04%) 
in May just prior to hibernation. During May there was a 
significant decrease in the ratio (P< 0.05) but it then 
remained fairly constant during ~une and July. After 
emergence from hibernation in late August, the fat body 
weight ratio decreased steadily reaching its lowest level 
(0.20%) in November (the falls in September and October were 
both significant, P<0.01 and P<0.002 respectively). The 
fat bodies remained depleted during November then increased 
during the summer months; the largest increases occurred 
in December (P<0.01) and March (P<0.002). 
The male skink fat body weight ratio did not show such 
wide seasonal fluctuations as that of the female but fol-
lowed a broadly similar cycle during the winter months. 
A slight decrease in the ratio occurred in May and then 
the fat bodies remained fairly constant until early August. 
In late August and September a further gradual decrease 
brought the fat body weight ratio to its lowest level (0.36%) 
in October. From October to January the ratio increased 
rapidly and reached a maximum in January (2.29%). During 
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increase in March which brought the ratio to its prehiberna-
tion level. 
From March until September the female fat body weight 
ratio was significantly higher than the male ratio but male 
fat bodies were replenished earlier in the spring and so 
the male fat body weight ratio was significantly higher than 
the female ratio in December and January. 
(ii) Gecko: Seasonal variations in the mean gecko fat 
body weight ratio are shown in Fig. 3 while individual fat 
body weights and ratios are tabulated in Appendix II. 
Female gecko fat body weight ratio reached a maximum 
(0.73%) in late summer and gradually decreased until hiberna-
tion. During hibernation the ratio remained fairly con-
stant but decreased again after emergence _from hibernation 
in August and reached its lowest level (0.28%) early in 
September. From September until early March the fat body 
ratio increased gradually to its prehibernation maximum. 
Male gecko fat body weight ratios reached a maximum 
(0.74%) in midsummer and then gradually decreased through-
out autumn. During May and June the fat body weight ratio 
appeared to increase slightly but decreased again during 
July and August. An abrupt increase in the ratio in 
September was immediately followed by a significant decrease 
in October (P<0.05). During November and December the fat 
body weight ratio was restored to its midsummer maximum; 
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Female and male fat body cycles follow similar trends 
except in spring when a fluctuation was apparent in the male 
fat body weight ratio. 
b) Seasonal Variation in Fat Body Lipid 
The weight of extractable lipid in individual fat 
bodies, the fat body lipid ratio (fat body lipid weight 
expressed as a percentage of the total body weight) and the 
percentage lipid in the fat body (i.e. fat body lipid 
weight as a percentage of the fat body weight) are tabulated 
in Appendices III and IV for skinks and geckos respectively. 
Large skink fat bodies like those of Anolis caroUnensis 
(Dessauer, 1955) contained over 90% extractable lipid where-
as in most'large gecko fat bodies the percentage was slight-
ly lower. However, in both skinks and geckos the fat body 
lipid weight was found to be directly related to fat body 
weight. The regression equations for this relationship 
are tabulated in Appendix V and those for January skinks 
and geckos are shown in Fig. 4. Although no measurements 
were made of the non-fatty material in fat bodies extra-
polation of the regression lines indicated that male gecko 
fat bodies contained no more than 7.11 mg of non-fatty 
material while female gecko fat bodies contained no more 
than 6.71 mg. For most of the year the intersection of 
the fitted line with the abscissa indicated that the non-
fatty material in skink fat bodies did not exceed 8.16 mg 
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December male fat bodies these values increased to 22.48 mg 
and 15.23 mg respectively. These increases occurred when 
large amounts of fat were being deposited in the skink fat 
bodies. 
Since the total lipid in the fat body is directly 
related to fat body weight the fluctuations in seasona~ fat 
body lipid ratios follow the same trends described for fat 
body weight ratio. 
3. Lipid Analysis 
a) Thin Layer Chromatography 
Table 1 shows the composition of fat body lipid as 
determined by thin layer chromatography in the four months 
studied. The weight of each lipid fraction in the fat body 
is shown for skinks and geckos in Fig. 5, and is tabulated 
in Appendix VI. These weights were calculated from the 
monthly female and male mean fat body lipid weights using 
the percentage of each lipid component in the total fat body 
lipid (Table 1). 
The thin layer chromatographic analyses of skink and 
gecko fat body showed rather low levels of triglycerides 
compared to the high levels ( 9 0 % ) in Uromastix hardwickii 
(Afroz et al., 1971) and SceZoporus jarrovi (Hadley and 
Christie, 1974), while phospholipid levels in skinks and 
geckos were much higher than those found in the above 
species. Cholesterol levels were also high but only 
91. 
TABLE 1: Composition of Lizard Fat Body Lipid 




JANUARY Weight of lipid 21. 3 8.9 4.8 38.4 0.3 73.70 93 .17 
109 9o 
component (mg) 
Component as 29 12 ? 52 
% total "lipid 
MAY Weight of lipid 15 .9 5.2 3.2 5.9 0.4 30.60 47.89 
99 120 
component (mg) 
.Component as 52 1? 11 19 1 
% total "lipid 
JULY Weight of lipid 12.4 5.0 2.7 18.4 0.1 38.60 86.55 
109 9o 
component (mg) 
Component as 32 13 ? 48 
% total "lipid 
SEPT; Weight of lipid 4.7 0.9 1.0 1. 3 0.2 8.10 95.29 
39 so component (mg) Component as 58 11 12 16 3 
% total "lipid 
GECKO 
JANUARY Weight of lipid 10.4 3.7 3.0 31.0 0.5 48.60 94.55 
129 10 component (mg) Component as 21 8 6 64 1 
% total "lipid 
MAY Weight of lipid 6.8 2.0 2.1 4.6 0.3 15.80 85.41 
99 90 
component (mg) 
Component as 43 13 13 29 2 
% total "lipid 
I ;1> JULY Weight of lipid 3.7 1.0 0.5 11. 7 0.1 17.00 111.11 
119 80 
component (mg) 
Component as 21 6 3 69 1 
% total "lipid 
SEPT. Weight of lipid 1.4 0.5 1.0 1 .. 0 1.0 4.00 105.27 
59 50 
component (mg) 
Component as 35 12 25 25 3 
% total "lipid 
PL = Phospholipids Ch= Cholesterol CE= Cholesterol Esters 
TG = Triglycerides (including monoglycerides and diglycerides) 
NEFA = Non-esterified fatty acids 
TLS = Total lipid spotted 
* The lipid from a number of females and males was pooled and a 





slightly higher than those reported. for Uromastix hardu)iakii. 
(i) Skink: The increase in female fat body fat from 
January until May appeared to be due to a large increase in 
phospholipids. The unusually high level of phospholipids 
(52%) suggests that they are stored preferentially in the 
fat bodies prior to hibernation; they presumably originate 
from dietary sources. However the recovery of spotted 
lipid from the plate in May was poor and may have accentuated 
the figure for phospholipids. 
In the male fat body the decrease in lipid from January 
to May can be accounted for by a decrease in triglycerides 
while other fractions remained fairly constant. 
During the first two months of hibernation phosph6lipids 
decreased in both female and male fat body lipid. Whether 
these phospholipids were utilized metabolically or transferred 
to other sources such as the developing eggs is not apparent. 
Smaller decreases were apparent in cholesterol and non-
esterified fatty acids (NEFA) while triglycerides increased 
slightly. 
In the last month of hibernation triglyceride and 
cholesterol fractions decreased to a minimum. In these 
depleted fat bodies phospholipid levels were very high but 
this most probably represents structural phospholipids 
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(ii) Gecko: From January to May the stored lipid in 
gecko fat bodies had decreased by half and this was almost 
totally accounted for by a decrease in triglycerides while 
other fractions decreased only slightly. 
In the first two months of hibernation phospholipids 
and to a lesser extent cholesterol and NEFA declined while 
triglycerides rose. However, in the last months of hiber-
nation the triglycerides showed the greatest decrease. 
b ) Gas Liquid Chromatography 
Tables 2 and 3 show the fatty acid pattern of phospho-
lipids, non-esterified fatty acids and triglycerides, in 
skink and gecko fat bodies respectively. 
Oleic acid (18:1) was the major fatty acid in all frac-
tions except gecko phospholipid in July. In triglycerides 
the oleic acid accounted for about 50% of the total fatty 
acids. This figure resembles those of Grenot (1969), 
Afroz et al. (1971), Brian et al. (1972) and Hadley and 
Christie (1974) who all found that oleic acid usually 
accounts for 45% to over 50% of the total fatty acids in 
fat body tissue. The percentage of oleic acid in phospho-
lipids and NEFA was lower. The second most abundant fatty 
acid was usually palmitic acid (16:0), 
Unsaturated fatty acids occurred in a higher proportion 
than saturated acids in all fat body lipid fractions except 
gecko phospholip~ds in July. 
9 5. 
TABLE 2: Fatty Acid Composition of Skink Fat Body Phospholipids, 
Non-esterified Fatty Acids and Triqlycerides 
Fatty Acid January May July September 
Plws-e_ho Zi-e_ids 
Myristic 14:0 7.06 3.66 5.19 1.59 
Palmitic 16:0 25.69 21.88 22.17 16 .29 
Palmitoleic 16: 1 10.66 11.41 9.65 4.97 
Stearic 18:0 6.51 3.43 11.56 8.66 
Oleic 18:l 40.20 44.62 37.19 30 .10 
Linoleic 18:2 1.98 8.75 0.64 7.92 
Linolenic 18:3 0.68 1.26 10.43 
Arachidic 20:0 1.14 3.30 8. 39 
Others 6.01 6.60 8.96 11.58 
Saturated:Unsaturated 42:58 30: 70 44:56 37 :63 
Non-esteri[ied fatty_ acids 
Myristic 14:0 3.79 3.10 3.18 2.06 
Palmitic 16:0 31.59 25.09 26. 39 15.25 
Palmi toleic 16:1 6.51 10.28 7.23 9.90 
Stearic 18:0 7.40 0.56 8.26 4.82 
Oleic 18:1 37.67 52.23 35.31 26.49 
Linoleic 18:2 3.29 1.41 5.29 9.69 
Linolenic 18:3 2.69 8.76 
Arachidic 20:0 4.19 8.38 
Others 9.70 7.25 7.39 14.59 
Saturated:Unsaturated 46:54 30:70 44:56 30:70 
Trig_ Zy_ ceride s 
Myristic 14:0 4.84 2.95 4.54 3.56 
Palmitic 16:0 14.09 23.63 19.98 24.46 
Palmitoleic 16:1 9.89 11.04 11.92 9.13 
Stearic 18:0 6.36 3 .14 5.27 5.26 
' ,? Oleic 18:1 38.98 52.20 52.22 47.63 
Linoleic 18:2 14.93 5.32 0.99 1.94 
Linolenic 18:3 6.36 0.63 2.02 
Arachidic 20:0 0.39 0.99 2.02 
Others 4.09 1.65 3.41 3.93 













TABLE 3: Fatty Acid Composition of Gecko Fat Body Phospholipids, 
Non-esterified Fatty Acids and Triglycerides 
Fatty Acid January May July September 
Phos-e_holi-e_ids 
Myristic 14:0 5.87 1.83 2.45 2.46 
Palmitic 16:0 30.96 31.89 46.06 10.75 
Palmitoleic 16:1 8.75 12.09 1.29 1. 73 
Stearic 18:0 5.46 0.48 13.89 10.50 
Oleic 18:1 35.00 42.75 16.81 19.12 
Linoleic 18:2 2.14 1.87 3.33 13.69 
Linolenic 18:3 2.14 0.74 1. 70 18.10 
Arachidic 20:0 2.42 2.09 7.67 12.67 
Others 7.18 6.18 6. 77 10.92 
Saturated:Unsaturated 46:54 38:62 71:29 38:62 
Non-esterified FattY._ Acids 
Myristic 14:0 2.01* 3.05 2.80 
Palmitic 16:0 26. 71 25. 35 31.03 
Palmitoleic 16:1 12.07 9.31 7.58 
Stearic 18:0 1.60 1.90 7.00 
Oleic 18:l 54.92 37.65 51.57 
Linoleic 18:2 10.94 
Linolenic 18:3 1.90 
Arachidic 20:0 3.90 
Others 2.66 5.92 
Saturated:Unsaturated 32:68 35:65 41:59 
Trig}Y._cerides 
Myristic 14:0 3.88 1. 77 2 .96 2.84 
Palmitic 16:0 15.32 17.86 13.04 21.39 
Palmitoleic 16:1 14.02 18.39 6.46 6.58 
Stearic 18:0 5.59 3.63 3.60 6.14 
Oleic 18:1 44.02 47.90 67.41 52.52 
Linoleic 18:2 6.38 4.12 1.05 3.10 
Linolenic 18:3 4.02 0.47 0.40 2.06 
Arachidic 20:0 3.57 1.03 1. 73 1.94 
Others 3.13 3.71 3.31 3.38 
Saturated:Unsaturated 29 :71 26:74 22:78 33:67 




(i) Skink: The decrease in triglycerides from January 
to May was accompanied by a decrease in the percentage of 
unsaturated acids (linoleic, 18:2 and linolenic, 18:3) while 
the increase in phospholipids resulted from an increase in 
unsaturated acids (mainly linoleic acid, 18:2). 
From May to July when triglycerides increased, the fatty 
acid pattern remained fairly constant but the decrease in 
phospholipids was accompanied by a decrease in the percentage 
of unsaturated acids (linoleic, 18:2, oleic, 18:1 and 
palmitoleic, 16:1). 
In the last month of hibernation when triglycerides 
were depleted the percentage of unsaturated acids (mainly 
oleic acid, 18:1) fell, whereas in the phospholipids there 
was an increase in the percentage of unsaturated fatty acids 
(linoleic, 18:2 and linolenic, 18:3). 
(ii) Gecko: The decrease in triglyceride from January 
to May seemed to be accounted for by a decrease in the per-
centage of minor fatty acids which resulted in the proportion 
of saturated to unsaturated fatty acids remaining fairly 
constant. Although little phospholipid was utilized at 
this time it appeared to become more unsaturated. 
During the first two months of hibernation there was 
a decrease in phospholipids which was accounted for by a fall 
in oleic (18:1) and palmitoleic (16:1) acids while the in-
crease in triglycerides appeared to be attributed to a 






In the last months of hibernation when triglycerides 
were depleted the percentage of oleic acid (18:1) fell 
while in phospholipid the proportion of linoleic (18:2) and 
linolenic (18:3) acids increased. 
C. LIVER 
Skink livers were a rich reddish brown to almost black 
colour whereas gecko livers were lighter in colour. They 
varied from pinkish fawn to light reddish brown and appeared 
rather mottled. 
Although the largest liver dissected weighed 423.1 mg 
this belonged to an exceptionally large male gecko ( 8 .' 3 8 g). 
Excluding this specimen, male and female gecko liver weights 
varied from 51.3 mg to 233.2 mg and 60.0 mg to 294.4 mg 
respectively, while male and female skink liver weights 
varied between 32.0 mg to 150.2 mg and 48.8 mg to 323,8 mg. 
The individual liver weights are tabulated in Appendices I 
and II for skinks and geckos respectively. 
1. Seasonal Cycles 
a) Seasonal, Variation in Liver Weight Ratio 
(i) Skink: The seasonal variation in female and male 
skink mean liver weight ratios are shown in Fig. 6, and the 
liver weights and weight ratios for each lizard are tabu-





In the female skink, the liver weight ratio was at a 
maximum (5.27%) in May and gradually decreased to a minimum 
in early December (2.18%). This decrease was broken by a 
peak in September (the ratio increased significantly during 
August, P<0.001 and decreased during September, P<0.001), 
There was a significant increase in the liver weight ratio 
in December (P<0.001) after which it remained fairly con-
stant during midsummer, and then increased to its autumn 
maximum in May (the increase during March was significant, 
P<0.01), 
The male skir.k liver weight ratio remained fairly con-
stant during autumn and winter and then showed a slight 
decrease in August and September. After a slight increase 
in October the ratio remained constant over summer (November 
to January). A slight decrease in February was followed 
by a significant increase in March (P<0.02) which brought 
the liver weight ratio back to its autumn level. 
The male liver weight ratio, which remained remarkably 
constant throughout the year, showed a narrower range of 
fluctuations than the female ratio. From March until 
September, with the exception of August, the female liver 
weight ratio was significantly higher than the male ratio. 
However during November and December when the female ratio 
dropped,the male ratio was significantly higher than that 
of the female. 
.l 
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(ii) Gecko: The seasonal variations in female and male 
gecko mean liver weight ratios are shown in Fig. 6, and the 
liver weights and weight ratios for each lizard are tabu-
lated in Appendix II. 
The female gecko liver weight ratio was at a maximum 
in April (3.78%) but decreased slightly during April and 
then remained fairly constant during hibernation. In 
August and September significant decreases (both P<0,02), 
brought the ratio to its lowest level in October (2.28%). 
From October until April the ratio gradually increased to 
its prehibernation value, the increase during January be-
ing statistically significant (P<0.05). 
Unlike the female liver weight ratio cycle that of the 
male showed an increase in liver weight ratio from a pre-
hibernation low in April to a maximum in early August (3.38%). 
During August a significant decrease (P<0.01) was followed 
by a gradual decrease during September and October to a 
minimum in early November (2.27%). After a significant 
increase during November (P<0.05), the ratio increased 
slightly in December, remained constant during January, and 
then fell to its prehibernation minimum in April. 
From March until May when the female and male liver 
cycles showed reciprocal trends the female liver weight 
ratio was significantly higher than that of the males. 
However, for the rest of the year liver weight ratios of 




b) Seasonal Variation in Liver Glycogen Ratios of Skinks and 
Geckos 
Seasonal fluctuation in liver glycogen ratio, express-
ed in mg glucose as a percentage of the total body weight 
are seen in Fig. 7 for skinks and geckos, and individual 
glycogen content for each lizard is tabulated in Appendix 
VII. 
The seasonal fluctuations of male and female skinks 
and geckos were very similar from November until April, all 
had two peaks, one in January and the other in March (the 
changes during January, February and March were significant 
at least at the P<0.05 level in each case). In female 
skinks and in male and female geckos the March peak represent-
ed the :maxi.mum liver glycogen ratio. Although skink male 
liver glycogen ratio reached another peak in early June 
before it decreased significantly during June (P<0.001) to 
the_ low August level, the ratios of the other lizards remain-
ed fairly constant during early hibernation and were then 
depressed to a minimum in August (the change in gecko 
females during August was significant, P<0.05). After 
emergence from hibernation liver glycogen ratios increased 
significantly (at least at the P<0.05 level in all cases) 
to a peak in early September in females and October in males. 
This October peak represented the highest liver glycogen 
level in male skinks. The liver glycogen ratio then 
decreased slightly during September in females and October 
in males. 
103. 
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FIGURE 7 month 
Seasonal variation in skink and gecko liver glycogen ratio 
• female mean± SD. 6male mean± 5.0. 




c) Seasonal Variation in Liver Lipid Ratio 
(i) Skink: The seasonal variation of male and female 
skink liver lipid ratios are shown in Fig. 8 and the 
individual weights and ratios of lipid extracted from each 
lizard are tabulated in Appendix III. 
Female liver lipid ratios remained constant from April 
until early August but decreased significantly (P<0.01) 
during August and continued to decrease slightly to an 
early October minimum level (0.18%). From October until 
early February the liver lipid ratio increased but during 
February it decreased .slightly, after which the ratio in-
creased in March to its winter level. 
Male liver lipid ratios remained fairly constant during 
early winter (April, May and early June) but then increased 
significantly (P<0.002) during June to an early July maximum 
level (0.54%). From ·July, liver lipid ratios decreased 
rapidly to a minimum in early October; the decrease during 
August was statistically significant (P<0.001). From 
October until early February the ratios gradually increased. 
However, this was immediately followed by a significant 
decrease during February (P<0.001) to a low level in early 
March, but during March the liver lipid ratio increased 
(P<0.02) to its autumn level. 
Male skinks showed a greater overall range of fluctua-
tion in liver lipid ratios than females. Although male 
and female cycles followed similar trends during most of 
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Seasonal variations in skink and gecko liver lipid ratio 
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a maximum in males but remained constant in females. That 
this represents an absolute increase in winter male liver 
lipid and was not due to decreasing lizard weight can be 
seen from the absolute weights of liver lipid tabulated in 
Appendix III, which also increase over this period. 
Liver lipid accounted for between 4.30% (September 
minimum) and 15.23% (July maximum) of the total liver weight 
in male skinks while in females liver lipid accounted for 
between 4.90% and 9.52% of the liver weight in September 
and December respectively. The monthly variation in liver 
lipid expressed as a percentage of liver weight (tabulated 
in Appendix III) showed changes which paralleled those in 
Fig. 8 for liver lipid expressed as a percentage of the total 
body weight. 
(ii) Gecko: The seasonal variations in male and female 
gecko mean liver lipid ratios are shown in Fig. 8, while 
individual weights and ratios of lipid extracted from each 
lizard liver are tabulated in Appendix IV. 
Female liver lipid ratios increased during hibernation 
to a maximum in early August (0.51%). A significant fall 
during August (P<0.02) and further depletion in September 
brought liver lipid levels to a minimum in early October 
(0.20%). From October to January liver lipid ratios in-
cr•ea.sed steadily to a summep peak in February and then de-
creased to a prehibernation low; the decrease during April 
was statistically significant (P<0.05). 
., ,' 
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Male liver lipid ratios increased from April until 
early August but showed a slight check in June. From an 
early August maximum (0.53%) liver lipid levels dropped 
significantly in August (P<0.05) and then slightly in the 
following months to a minimum in early November (0.24%). 
During November liver lipid ratios increased significantly 
(P<0.01) and then increased gradually during December and 
January. 
decreased. 
During February and March liver lipid ratios 
Comparison of female and male liver lipid ratios shows 
that the male liver lipid ratio was significantly lower than 
that of the female in April but for the rest of the year 
liver lipid levels were similar. They both showed very 
similar trends differing only in an earlier increase in male 
winter lipid and an earlier female spring replenishment. 
Liver lipid accounted for between 8.07% (August minimum) 
and 15.38% (September maximum) of the total liver weight in 
females, while in males liver lipid varied between 10.35% 
and 17.92% of the liver weight in October and August 
respectively. The ~easonal variation in mean liver lipid 
weight expressed as a percentage of liver weight (tabulated 
in Appendix VI) showed changes which paralleled those in 
Fig. 8 for liver lipid expressed as a percentage of the 
total body weight. 




2. Lipid Analysis 
a) Thin· Layer Chromatography 
Table 4 shows the composition of liver lipid as 
determined by thin layer chromatography in the four months 
studied. The mean weights of each lipid fraction in skink 
and gecko livers are shown graphically in Fig. 9 and tabu-
lated in Appendix VI. These weights were calculated 
according to the method outlined in fat body lipid analysis. 
Levels of phospholipids remained fairly constant through-
out the year and were therefore assumed to comprise the 
structural lipids. They accounted for 12-23% of total lipid 
in geckos and 21-38% in skinks. The level of phospholipids 
in skink livers is very similar to that published by Reddy 
et al. (1972) for the lizard HemidactyZus fZaviviridis. 
(i) Skink: Between midsummer and midwinter triglycerides 
and cholesterol levels increased in both males and females 
but because estimates of May liver lipid were unavailable 
it was not apparent what fraction or fractions increased 
prior to hibernation in the female and during the first 
months of hibernation in the male. 
In the last months of hibernation cholesterol appears 
to be the fraction utilized in female livers whereas in 
males both cholesterol and triglycerides decreased to a 
minimum. Reddy et al. (1972) also noted a decrease in 
liver triglycerides and cholesterol at the end of hiberna-
tion. 
109. 
TABLE 4: Composition of Lizard Liver Lipid 





JANUARY Weight of lipid 1.5 0.6 1.0 0.5 0.3 5.6 69.64 
12? 100 component 
(mg) 
Component as 38 15 26 13 8 
% total Upid 
JULY Weight of lipid 0.8 1.0 0.1 1. 7 0.1 3.5 105.70 
109 90 
component (mg) 
Component as 21 2? 3 46 3 
% totai Upid 
SEPT. Weight of lipid 1.3 0.5 0.1 2.3 0.1 3.7 116.22 
119 80 component 
(mg) 
Component as 30 12 2 54 2 
% total Upid 
GECKO 
JANUARY Weight of lipid 1.3 1.2 0.3 7.7 0,3 14.1 76.60 
~~ ; ' 139 70 
component (mg) 
Component as 12 11 3 ?1 3 
'( 
% totai Upid 
MAY Weight of lipid 3.2 7.3 2.4 4.5 13.0 133.85 
99 100 
component (mg) 
Component as 18 42 14 26 
; l % totai lipid 
JULY Weight of lipid 1.8 1.3 4.9 7.1 112.50 
,, 
119 s3 component (mg) Component as 23 16 61 
'f 
% total Upid 
1\> SEPT. Weight of lipid 1. 7 0.3 0.1 5.9 0.4 10.0 84.00 
119 60 component 
(mg) 
Conrponent as 20 4 1 ?O 5 
% totai lipid 
r 
I I 
PL = Phospholipids Ch = Cholesterol NEFA = Non-esterified fatty acids 
TG == Triglycerides CP ,~ = Cholesterol Esters TLS = Total lipid spotted 
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Composition of lizard liver lipid 
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D triglyceride e total liver lipid 
(there are no figures for skink liver lipid in may) 





(ii) Gecko: Unlike the skink midsummer liver, that of 
the gecko contained mostly triglycerides which accounted 
for 71% of the total lipid. From January until May tri-
glycerides decreased rapidly, while there was a concomitant 
rise in cholesterol and a smaller one in non-esterified fatty 
acids (NEFA). This increase in cholesterol may reflect a 
preferential storage from dietary sources or may have been 
built up through partial oxidation of triglyceride and sub-
sequent biosynthesis of cholesterol from acetate. 
In the first months of hibernation cholesterol and 
NEFA decreased. This suggests that cholesterol was the 
main fraction used to maintain liver metabolism early in 
hibernation. During this time triglycerides showed a 
marked increase. This increase was most probably due to 
mobilisation of triglycerides from tail depots which de-
creased at this time. Since liver glycogen remained fairly 
constant it would be unlikely that the increase in tri-
glycerides was due to synthesis from carbohydrate sources. 
In the last two months of hibernation all fractions 
decreased, except triglycerides in the male liver. The 
depletion of cholesterol to very low levels suggests that 
this fraction is also utilized in the last months of hiberna-
tion as was the case in the sk:ink liver and in Hemidactylus 







b) Gas-Liquid Chromatography 
Tables 5 and 6 show the fatty acid pattern of phospho-
lipids, non-esterified fatty acids and triglycerides in 
skink and gecko liver lipid respectively, 
Although oleic acid (18:1) was usually the most abundant 
fatty acid, levels of palmitic (16:0), stearic (18:0) and 
linoleic (18:2) acids were also high. These acids were 
also the major components of the liver lipid of Cnemidophorus 
tigris· (Brian et al., 1972). 
In most fractions the proportion of unsaturated acids 
was greater than saturated ones but in gecko phospholipids 
in September, in skink phospholipids in July and skink tri-
glycerides in September the proportion of saturated fatty 
acids was greater than that of unsaturated acids. 
( i) Skink: From January to July when liver triglycerides 
increased there was an increase in the percentage of both 
oleic (18:1) and palmitic (16:0) acids. Although there 
appeared to be little change in total phospholipids during 
this time the fatty acid patterns did change, as there was 
a loss in the percentage of unsaturated acids. The decrease 
in NEFA to low levels in July appeared to be due to decreases 
in 16:0 and 18:1. In the last months of hibernation there 
was a drop in the percentage of 18:1 in triglycerides. The 
continual drop of the percentage of unsaturated fatty acids 
during hibernation suggests that these acids (mainly 18:l 
and 18:2) were utilized during this period. 
( 
), '_i 
TABLE 5: Fatty Acid Composition of Skink Liver, Phospholipids, 
Non-esterified Fatty Acids and Triglycerides 
113. 
Fatty Acid January May July Septernber 
Phosp_ho Zi-e_ids 
Myristic 14:0 2.00 1.06 1.39 
Palmitic 16:0 21. 75 25.84 38.17 
Palmitoleic 16:1 3.84 4.99 6.12 
Stearic 18:0 10. 71 11.14 12.67 
Oleic 18:1 22.76 31.86 26.05 
Linoleic 18:2 18.07 21.52 9.36 
Linolenic 18:3 8.28 3.56 
Arachidic 20:0 2.78 
Others 12.53 3.40 
Saturated:Unsaturated 38:62 38:62 56:44 
Non-esterified Fatty Acids 
* * Myristic 14:0 3.68 1. 76 1.10 6.43 
Palmitic 16:0 21.00 19 .29 17.44 22.98 
Palrnitoleic 16:1 8.34 5.45 9.62 5.36 
Stearic 18:0 4.90 4.00 9.19 
Oleic 18:1 35.18 39.26 28.10 25.90 
Linoleic 18:2 14.18 23.48 28. 32 1.83 
Linolenic 18:3 6.27 10.73 2.09 3.98 
Arachidic 20:0 1.16 2.75 
Others 6.39 0.36 10.10 21.49 
Saturated:Unsaturated 31:69 21:79 26:74 46:54 
Trig}y_cerides 
Myristic 14:0 4. 72 3.07 3.39 3.05 
Palmitic 16:0 23.63 22.21 32.91 37.38 
Palmitoleic 16:1 10.08 7. 72 5.86 2.97 
Stearic 18:0 7.35 5.68 3.60 11.21 
Oleic 18:l 34.97 48.14 39.34 32.24 
Linoleic 18:2 10.29 11.26 1.00 0.33 
Linolenic 18: 3 3.41 1.17 1.46 
Arachidic 20:0 2.33 
Others 5.51 o. 71 10.05 12.75 
Saturated:Unsaturated 39:61 31:69 43:57 54:46 
* very small sarn.ples 
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-, TABLE 6: Fatty Acid Composition of Gecko Liver Phospholipids, 
Non-esterified Fatty Acids and Triglycerides 
-', 
Fatty Acid January May July September 
Phosp_ho li2_ids 
Myristic 14:0 · 0 .23 1.38 0.76 
Palmitic 16:0 19.56 26.74 29.70 
Palmitoleic 16:1 2.78 4.14 2.61 
Stearic 18:0 11.99 4.35 21.28 
Oleic 18:1 35.39 41.45 30.10 
Linoleic 18:2 20.23 15.75 5.61 
Linolenic 18:3 1.48 0.77 1.49 
Arachidic 20:0 2.38 0.60 4.69 
__ J Others 5.90 4.75 3.69 
Saturated:Unsaturated 34:66 34:66 57:43 
Non-esteri[ied Fatty_ Acids 
* Myristic 14:0 1. 31 1.28 
Palmitic 16:0 19.73 15.15 
Palmitoleic 16:1 10.52 9.20 
Stearic 18:0 2 .19 6.27 
Oleic 18:1 52.19 39.43 
Linoleic 18:2 14.03 11.82 
Linolenic 18:3 5.47 
Arachidic 20:0 4.69 
Others 6.64 
Saturated:Unsaturated 23: 77 28:72 
Trig_ly_cerides 
Myristic 14:0 2.02 1.05 0.99 1.88 
l Palmitic 16:0 15.39 23.51 22.87 26.64 
Palmitoleic 16:l 9.62 7.78 6.52 4.40 
• ":1 Stearic 18:0 5.73 3.0 4.05 6.17 F 
--) Oleic 18:l 47.63 46. 76 56.06 51.63 
Linoleic 18:2 9.43 12. 77 4.01 0.76 
Linolenic 18:3 5.52 2.83 0.47 1.53 
Arachidic 20:0 2.28 1.29 2.35 2.63 
Others 2.32 0.95 2.62 4.31 
Saturated:Unsaturated 26:74 29:71 31:69 39:61 
* very small sample 
• I 
' , I 
) 
(ii) Gecko: From January to May the drop in tri-
glycerides was accompanied by a slight drop in the per-
centage of minor fatty acids, some of which appeared to 
115. 
increase in percentage in NEFA. The increase in trigly-· 
cerides from May to July was associated with an increase 
in the percentage of oleic acid (18:1). Although the 
level of phospholipids remained fairly constant, the fatty 
acid pattern varied but the proportion of saturated to un-
saturated acids remained about the same from May to July. 
Only in the last two months of hibernation did the propor-
tion of unsaturated fatty acid fall. 
3. Histology, Histochemistry and Ultrastructure 
a ) His to logy 
Lizard livers do not have a lobular structure, but the 
hepatic parenchyma is usually separated into laminae two 
cells wide by the tortuous blood sinusoids and bile canaliculi. 
One of the most striking characteristics of lizard liver 
is the brown pigment which is more abundant in hibernating 
tissue than in summer tissue. In lightly pigmented livers, 
it could be seen that the pigment was within the macrophages 
in the blood vessels. This pigment was neither optically 
active nor birefringent and did not fluoresce in ultra violet 
light. The Schmorl test and Masson Fontaina were positive. 
The Perl's test showed it to be iron negative and it was 






It was concluded that the pigmeht was a melanin. Many 
ectothermic vertebrates contain melanin in the macrophages 
of hepatic blood vessels (Jorden, 1931; Sichel, 1950; Ells, 
1954; Hack and Helmy, 1964). 
b) Histochemistry 
A comparison of histochemical enzyme activity in sum-
mer and winter livers is tabulated in Table 7 for skinks and 
geckos. In all cases except one (skink succinic dehydro-
genase) the activity in control tissues was similar to other 
experimental tissues, showing that six months deep freezing 
at -20°c did not alter the enzyme reactivity of the tissue 
in question. 
Succinic dehydrogenase activity was seen to vary 
throughout the liver tissue, the region around the large 
vessels having the greatest activity. In gecko liver 
succinic dehydrogenase activity increased during hibernation 
but no conclusion could be drawn in the case of skink liver 
because results from different blocks disagreed. 
Beta-hydroxybutyric dehydrogenase was reduced in 
hibernating skink liver but in contrast activity in gecko 
liver was increased in winter. 
Esterase activity appears uniformly throughout active 
tissue. However, in hibernating liver, although overall 
activity was slightly higher than in active tissue there 
were also small areas with very intense activity (Fig. 10). 
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KEY: t Enzyme activity greater in hibernating tissue 
~ Enzyme activity greater in sun,mer tissue 
= Enzyme activity similar in hibernating and summer tissue 
= succinic dehydrogenase; PAS= periodic acid-Schiff S.D. 
B-HD = Beta-hydroxybutryic dehydrogenase; E = esterase 
ATPase = adenosine triphosphatase; A.P.= alkaline phosphatase 
Note: 
The control was made up of fresh tissue from hibernating animals 
and frozen tissue from summer animals whereas all other "sandwich 
blocks" were made up of fresh tissue from summer animals and frozen 
tissue from hibernating animals. 
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FIGURE 10: 
Esterase Activity in Hibernating and Active 
Gecko Liver. Esterase activity is higher in 
hibernating tissue CH) than in active tissue 



















In the gecko liver ATPase activity was slightly higher 
during hibernation, but no difference was found in skink 
liver between summer and winter activity. In both skink 
and gecko liver bile canaliculi ATPase activity was high. 
In gecko liver alkaline phosphatase activity increased 
during hibernation although it was rather patchy in distri-
bution, but in the skink liver no difference could be 
detected between summer and winter activity. 
Glycogen demonstrated by PAS staining was about the 
same in skink liver in summer and winter, but in gecko liver 
the amount of glycogen was reduced during hibernation. 
In liver it was difficult to compare areas of high and 
low enzymatic activity. It did appear however that oxidative 
enzymes had higher activity in areas where glycogen stores 
were reduced. 
c) Transmission Electron Microscopy 
The primary aim of liver transmission electron micro-
scopy was to determine the cellular distribution of fat and 
glycogen, but a number of other points of interest were also 
noted. Since only a few grids of skink liver tissue were 
examined the following discussion is restricted to gecko 
results. As far as could be determined, however, skink 
electron micrographs were similar to those described below 
for gecko tissue. 
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( i ) Glycogen and Fat: The liver cells of midsummer 
geckos contained a considerable amount of glycogen which 
was often localised around the periphery of fat vacuoles 
(Fig. llA). In contrast the liver cells from midwinter 
geckos were almost completely devoid of glycogen but showed 
a number of fat vacuoles (Fig. llB). There was consider-
able variation between cells with respect to the presence 
of fat and glycogen. 
(ii) Autophagic Vacuoles and Residual Bodies: In winter animals 
numerous single or less frequently double membrane structures 
containing recognizable cytoplasm organelles were noted in 
the hepatocytes (Fig. 12A). The mitochondria, endoplasmic 
reticulum, and ribosomes sequestered in these vacuoles show-
ed greater electron density than the cytoplasmic organelles 
and appeared to be undergoing degradation. These structures 
resembled autophagic vacuoles. Also present in the hepatic 
-- -- -- --- - - -- -- ---
cells; especially around the bile canaliculi were a variety 
of small vacuoles containing unrecognisable electron dense 
material (Fig. l2B). These structures resembled residual 
bodies. Autophagic vacuoles and residual bodies have been 
recognised in many normal tissues, especially liver and 
kidney (de Duve and Wattiaux, 1966; Brown and Bertke, 1969; 
Novikoff and Holtzman, 1970). 
Accumulated evidence (reviewed by Ericssen, 1969) 
lends strong support to the theory that autophagic vacuoles 
represent an early stage in the degradation of sequestered 
cellular organelles. As autodigestion proceeds the 
FIGURE 11: Distribution of Fat and Glycogen 
in Gecko Liver 
(A) Summer gecko liver (10,800x) 
122. 
Glycogen and lipid droplets are present in 
considerable amounts. The glycogen is some-
times evident around lipid droplets. 
Mitochondria matrix contains electron dense 
granules. 
(B) Winter gecko liver (18,000x) 
Lipid droplets are present but glycogen is 
absent. Note the close association of lipid 
droplets and mitochondria. Arrow indicates 
.l 
irregular contact zone. ~ 
1 = lipid droplet g = glycogen 







FIGURE 12: Autophagic Vacuoles and Residual 
Bodies in Gecko Liver 
124. 
(A) Autophagic vacuoles in winter gecko liver 
(15,600x) 
Large autophagic vacuoles (av1 ) contain 
recognisable mitochondria and rough endo-
plasmic reticulum. Small autophagic 
vacuoles (av 2 ) contain ribosomes. 
(B) Residual Bodies in winter gecko liver 
(8,000x) 
Residual bodies (rb) of various sizes contain 
unrecognisable electron dense material. 
be= bile canaliculi n = nucleus 









sequestered material becomes unrecognisable and the vacuole 
shows a progressive reduction in volume. The residual 
bodies represent a later stage of this cellular autophagy. 
Such autophagy in normal cells represents a method of dis~ 
posing of worn-out organelles but at the same time allows 
the chemical constituents to be reutilized. 
These structures were noted only occasionaly in the mid-
summer liver cells of geckos. 
(iii) Pigment: A striking feature of the electron 
micrographs was the presence of numerous electron dense 
bodies in the macrophages of some blood vessels (Fig. 13A). 
The dense bodies measured about 0.5 µm along their long axis 
and appeared round in cross-section. Some appeared to be 
membrane bound, others were surrounded by concentric laminated 
fibrils (Fig. 13B) while others appeared to lie in aggregates 
within a sequestering membrane. The dense bodies were more 
frequent in winter lizards while those in summer lizards 
appeared to be disintegrating. 
Since the morphology of the individual dense bodies was 
similar to melanin granules in lizard epidermis (Breathnach 
and Poyntz, 1966; Alexander and Fahrenbach, 1969; Taylor and 
Hadley, 1970) and since they were located in macrophages of 
blood vessels they were considered to be melanin granules 
which made up the pigment identified as melanin by light 
microscopy. Because most of the granules were surrounded 
either singly or in aggregates by membranes they were con-
sidered to be melanosome complexes (nomenclature in 
127. 
FIGURE 13: Pigment in Gecko Liver 
(A) Melanin Granules in Macrophage in a Blood 
Vessel of Winter Gecko Liver (10,000x) 
The melanin granules are contained in 
aggregates in a sequestering membrane to 
form melanosome complexes (me). 
(B) Melanin Granules in Macrophage of Winter 
Gecko Liver (33,600x) 
The electron dense melanin granules (mg) 
sometimes appear to lie free in the cyto-
plasm but are more commonly contained, either 
singly or in aggregates in a sequestering 
membrane (sm) to form melanosome complexes. 
In some cases concentric laminated fibrils 
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accordance with Wolff et al., 1974). Other electron micro-
scopy studies of lizard and amphibian liver pigment also 
reported that melanin granules are membrane bound, that they 
may be associated with concentrically laminated subunits 
and that the macrophages contain few mitochondria and 
ribosomes (Hack and Helmy, ,1964; Prasad et al., 1965; Van 
Woert et al., 1967; Helmy and Hack, 1969). Melanosome 
complexes have been identified in keratinocytes (Charles and 
Ingram, 1959; Drochmans, 1963; Mishima, 1966; Wolff et al., 
1974) and their distribtuion either singly or in aggregation 
appears to depend on the size of granules (Wolff et al., 
1974). These melanosome complexes are considered to be 
lysosomal in nature and hence concerned with the disposal 
of the sequestered pigment (Gazzola and Prunieras, 1968; 
Niebauer, 1968; Szabo et al., 1969; Wolff and Honigsmann, 
1972). 
The presence of melanosome complexes displaying various 
electron densities in the present study supports the the~ry 
of progressive degradation of melanin. The pigment in 
these lizards does not therefore appear to belong to a 
'pigment cell system' proposed by Helmy and Hack (1964, 
1969), Van Woert et al. (1967) and Morgan and Singh (1969) 
in which the melanin granules are considered to be meta-
bolically active and act as a kind of substitute for 
mitochondria. 
(iv) Mitochondria: In the liver cells of hibernating 
geckos mitochondria and lipid droplets appeared in close 
130. 
apposition. Along the contact zone the surface of the 
mitochondria membrane appeared unchanged but the surface 
of the lipid droplet was irregular and differed strikingly 
from the rest of the droplet which was not in close associa-
tion with mitochondria (Fig. llB). Such association between 
mitochondria and fat droplets was not apparent in electron 
micrographs from midsummer geckos. 
A similar association of mitochondria and lipid in-
clusions with irregular surfaces along the contact zone has 
been reported in the liver and pancreatic tissue of fasting 
guinea pigs (Palace and Schidlowsky, 1958; Palade, 1969), 
in brown adipose tissue of newborn mice and rats (Napolitano 
and Fawcett, 1958) and in hibernating bats (Toro and Viragh, 
1966 but they did not comment on the association). Although 
Napolitano and Fawcett suggested that the association might 
be indicative of active lipid synthesis, Palade (1969) 
proposed that the intimate contact involves oxidation of 
lipid by the fatty acid oxidases of the mitochondria. In 
the present study the liver lipids are considered to be the 
primary source of energy during hibernation so supporting 
Palade's proposal that the contact between lipid droplet and 
mitochondria facilitates rapid fatty acid oxidation. 
In both groups of animals the mitochondrial matrix 
contained small electron dense granules (Figs. 11 and 12A). 
These granules are commonly seen in osmium fixed sections 
and show that divalent ions have been deposited (Weiss, 
1955; Peachey, 1964). 
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D. REPRODUCTIVE ORGANS 
FEMALE 
1. Gross Morphology 
The fusiform ovaries of both Leiolopisma zeZandica and 
HopZodactyZus pacificus lie dorsally about half way down the 
abdominal cavity, the right ovary lying slightly anterior 
to the left. Together with the more laterally positioned 
oviducts they are suspended from the dorsal body wall by the 
mesovarium. The paired oviducts are each made up of a 
folded infundibulum lying below the liver, a long uterus 
which may be distended for some months after breeding and 
a small vagina. 
cloaca. 
Each vagina opens separately into the 
The follicles are visible through the transparent 
ovarian epithelium. Each ovary contains 3-4 unyolked fol-
licles each measuring less than 1 mm in diameter. As yolk 
deposition proceeds the follicles increase in diameter and 
change in colour. Follicles up to 2 mm are white, from 
2-4 mm they become cream, from 4-6 mm they deepen in colour 
becoming light yellow and over 6 mm in diameter they are a 
darker yellow. 
Ovulation occurs in September, corpora lutea developing 
from the theca of the ruptured follicles. Corpora lutea 
measure about 2 mm in width at their maximum size and 
remain large and cream coloured for the first two months 
that the eggs are in the oviduct. In the last month they 
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begin to decrease in size and in so doing become increasingly 
more orange in colour. After parturition they remain as 
bright orange spots until March, none being visible in the 
April ovaries. 
Both Leiolopisma zelandica and Hoplodactylus pacificus are 
viviparous. Embryonic development takes place in incuba-
tion chambers in the uterus. The newly ovulated eggs are 
slightly oval in shape,and as development progresses this 
shape is maintained. In the gecko which has only one egg 
per oviduct the uterus fits smoothly and closely around the 
egg. In the skir.k which may have more than one egg per 
oviduct there is a short neck of constricted uterus between 
successive eggs. However, when there are 3 or 4 eggs per 
oviduct the uterus is not long enough to contain each in a 
separate incubation chamber, and successive eggs lie end to 
end in a continuous chamber rather than in a series of 
pouches. 
In the gecko the egg in the right oviduct lies cranially 
to the left, thus allowing room for the growth of both eggs. 
In skinks the eggs in each oviduct are arranged longitudinally 
so as to take up the least possible space in the body cavity. 
The developing embryo lies dorsal to the yolk sac. 
In the skink the embryo is clearly visible beneath the 
transparent uterus and the vitelline blood vessels can be 
seen extending towards the ventral surface as the embryo 
develops. In the gecko, pigment deposits in the uterus 
render it only semi-transparent and little embryonic detail 
can be seen through the uterus wall~ 
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Parturition occurs after approximately three months 
gestation in the skink, and three to four months in the 
gecko. A small lump of white sticky material may remain 
in the uterus after parturition, but this was evident only 
in those lizards which had recently given birth to the young. 
2. Seasonal Variation in the Female Reproductive Tract 
a) Seasonal Variation in Ovary and Oviducal Egg Weight Ratio, 
Size and Nwnbers 
Ci) Skink: The seasonal cycle of skink ovary and 
oviducal egg weight ratios are shown in Fig. 14, while 
individual weights and ratios are tabulated in Appendix I. 
The ovary weight ratio was at its lowest level in 
December (0.14%) and remained fairly constant until the 
beginning of March. During March and April the ovary weight 
ratio increased significantly (in both cases P<0.01) after 
which the ovary remained constant during winter. After 
emergence from hibernation in August the ratio increased 
only slightly before ovulation in September. Ovulation 
resulted in an abrupt decrease in the ovary weight ratio, 
which continued to decrease slowly from October to the 
December minimum. The oviducal egg weight ratio increased 
significantly during each month of gestation, P<0.01 in 
October and P<0.001 in September and November. 
Table 8 shows the monthly changes in size and distribu-
tion of the yolked follicles and oviducal eggs. 
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Seasonal variation in skink ovary and oviducal egg ratios 
and reproductive pattern. 
ovary mean• • t SD; oviducal egg mean 0--0 :t SD 
n = sample size 
... 
TABLE 8: Monthly Distribution of Size of Skink Ovarian Follicles and Oviducal Eggs 
Month Numbers of 
OVARIAN FOLLICLES (¢ mm) OVIDUCAL EGGS (!2l mm) 
Lizards 1-2 2-3 3-4 4-5 5-6 6-7 5-7 7-8 8-9 9-10 10-11 11-12 
January 9 
February 12 
March 9 16 9 
April 11 2 14 16 7 
May 7 11 11 3 
June 10 3 3 25 
July 12 2 17 14 
August 7 3 13 2 
September 10 3 8 20 
October 15 8 ·13 17 6 3 3 
November 11 17 7 1 4 2 






















A variable number of yolked follicles developed in each 
ovary. Table. 9 shows the distribution of the eggs between 
the left and right ovaries. Both ovaries were equally well 
developed; 34% of the lizards examined had more yolked 
follicles in the right ovary than the left ovary, 33.4% had 
equal numbers in each ovary and 32.6% had more in the left 
than the right ovary. 
Clutch size estimated from yolked follicle counts 
varied from 1 to 6 (Table 9), with an average of 3.04, 
Clutch size can also be estimated from corpora lutea or 
oviducal egg numbers, these counts averaged 3.08 and 3.06 
respectively. The clutch size grand mean was 3.05. 
Ovulation took place when the yolked follicles reached 
6-7 mm in diameter. The numbers of eggs found in the 
oviducts varied from 2 to 5, If the number of corpora 
lutea in the ovary differed from the number of oviducal 
eggs on the same side of the body, then migration to the 
contralateral oviduct had taken place. Table 10 displays 
the distribution of oviducal eggs and corpora lutea in the 
oviduct and ovary, eggs having changed sides in 39% of the 
gravid females dissected. This figure, however, must be 
a conservative estimate as migrations from each side, that 
leave the number of oviducal eggs and corpora lutea equal, 
are undetected. The number of eggs that migrated increased 
'with increasing numbers in the clutch. Migration occurred 
almost equally from left ovary to right oviduct and from 
right ovary to left oviduct. 
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TABLE 9 
Total Number Number DISTRIBUTION OF OVA BETWEEN OVARIES 
of of 
Mature Ova Skinks Right Ovary Left Ovary Number of Lizards 
1 0 1 
1 2 
0 1 1 
1 1 25 
2 41 2 0 10 
0 2 6 
2 1 21 
1 2 27 
3 51 
3 0 1 
0 3 2 
·f 2 2 19 
4 27 3 1 3 
1 3 5 
3 2 7 
~ I 
5 10 2 3 2 
_I 
4 1 1 
6 1 4 2 1 
TABLE 10 
Nu.rnber of DISTRIBUTION OF OVIDUCAL EGGS AND CORPORA LUTEA 
Oviducal Eggs Number Right Side Left Side 
or of 






in Oviduct Lutea in Ovary in Oviduct 
6 
1 1 1 
1 2 1 
2 2 1 
12 
2 1 1 
1 1 2 
0 1 3 
2 2 2 
9 2 3 2 
2 1 2 
1 3 4 2 
No apparent migration 
Migration was apparent in 11 out of 28 gravid lizards, 
i.e. in 39% of gravid lizards dissected. 
No. of Corpora 





























Oviducal eggs tripled their weight while in the uterus, 
the greatest increase occurred in the last month of 
gestation. All the young were born in December after 3 
months gestation. The fully developed oviducal eggs meas-
ured about 14 x 10 mm. Oviducal egg degeneration occurred 
in 6 out of 104 cases of embryo development. After parturi-
tion a lump of white sticky material, presumably either left-
over yolk or the excretory products of the embryo was left 
in the uterus. Usually this material disappeared very 
quickly, but in two cases, material was still present in 
June and July. 
(ii) Gecko: The seasonal cycle of gecko ovary and 
oviducal egg weight ratios is shown 1n Fig. 15, while 
individual weights and weight ratios are tabulated in 
·Appendix II. 
The ovary weight ratio was at a minimum 1n December 
(0.23%) and steadily increased from January until July 
(increases in March and April were statistically significant, 
P<0.001 and P<0.05 respectively). During hibernation the 
ovary weight ratio remained fairly constant and ovulation 
took place in September, which resulted in an abrupt de-
crease in the ratio. From October to December the ovary 
weight ratio gradually decreased to its minimum as the 
corpora lutea disappeared. After ovulation the oviducal 
egg weight ratio increased to a maximum before parturition 
in January or February, the increases in November and 
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Table 11 shows the monthly changes in size and distri-
bution of yolked follicles and oviducal eggs. 
All the female geckos examined, except three, produced 
two yolked follicles, one per ovary, per year. Of the 
exceptions, one had three developing follicles, one in the 
right and two in the left ovary. The other two exceptions 
had two eggs developing in the right ovary and none in the 
left. 
Ovulation touk place when the yolked follicles reached 
9-10 mm in diameter. In all cases each oviduct had one 
developing embryo. Oviducal eggs doubled their weight in 
three months; the greatest increase occurred in December . 
. Parturition took place in late December, January and early 
February, after three to four months gestation. The fully 
developed oviducal egg measured about 15 x 10. 5 rnJn. Of the 
females dissected in early January, 40% had given birth to 
young, by early February 70% of the young were born and by 
March no oviducal embryos remained. No evidence of embryo 
degeneration was seen, and in only two cases sticky white 
material (unused yolk or embryonic waste products) was left 
in the uterus after parturition. 
b) Seasonal Variation in Ovaru and Oviducal Eag Lipid Rat,fos 
The seasonal variation in skink and gecko ovary and 
oviducal egg lipid ratio are shown in Fig. 16. This data 
shows the mean lipid ratio for both ovaries, or all oviducal 
). 
TABLE 11: Monthly Distributions of Size of Gecko Ovarian Follicles and Oviducal Eggs 
Month 
Numbers 





Lizards 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 9-10 10-11 11-12 12-13 13+ (mm) 
January 11 4 17 1 13 
2.5 
13.9 
February 9 2 4 9 2 1 3.0 
March 7 4 1 5 4 3.6 
April 10 2 2 14 2 2 6.4 
May 8 2 2 12 6.4 
June 10 1 13 5 1 7.5 
July 9 2 10 6 7.4 
August 10 2 4 10 3 1 7.1 
September 11 1 8 6 8 8.5 
October 10 2 7 11 10. 7 
November 5 6 3 1 10. 7 






eggs per lizard, and hence represents lipid ratio per clutch. 
Lipid deposition began in the skink ovary in March and 
increased rapidly during that month and during April 
(P<0.05). In May and June the ovary lipid ratio remained 
constant but increased again in July (P<0.05). By the end 
of hibernation the ovary lipid accounted for 17.62% of the 
ovary weight. Ovulation took place sometime in September 
and during this month there was a rapid increase in egg lipid, 
but whether this occurred in the ovary before ovulation or 
in the oviducal egg after ovulation cannot be determined. 
During October the oviducal egg lipid ratio continued to 
increase slightly but in the last month of gestation it fell 
abruptly (P<0.01). Lipid accounted for only 4.94% of'the 
oviducal egg weight at parturition. 
Lipid deposition in the gecko ovary began in February a 
month earlier than in skinks, and increased steadily to a 
maximum in August when the lipid accounted for 31.11% of the 
ovary weight. Increases during February, March, April and 
June were all significant at least at the P<0.05 level. 
Ovulation took place in September but the October oviducal 
. . d . . . f . 1 h . h h th t egg lipi ratio was not signi icant y __ ig __ er t,_an __ a in 
the September ovaries. A slight increase in oviducal egg 
lipid occurred in October but for the rest of the gestation 
period the lipid ratio decreased, the decreases in November 
(P<0.02), December (P<0.001) and January (P<0.002) were all 
statistically significant. At parturition lipid accounted 
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3. Lipid Analysis 
a) Thin Layer Chromatography 
Table 12 shows the composition of ovarian and oviducal 
egg lipid as determined by thin layer chromatography in the 
three months studied. The mean weights of each lipid frac-
tion in the skink and gecko ovarian and oviducal eggs are 
shown graphically in Fig. 17 and are tabulated in Appendix 
VI. These weights were calculated according to the method 
outlined in fat body lipid analysis. Data for May gecko 
ovaries was unavailable and since young skinks had been born 
by January there is no equivalent of January oviducal egg 
lipid in skinks. 
(i) Skink: Measurements of lipid fractions in May, 
July and September ovaries showed the changes that occurred 
as yolk was laid down in the eggs but little emphasis can 
be placed on these results because the percentage of lipid 
recovered from the plates was very variable. In May the 
main component was cholesterol which suggests that this was 
deposited early during egg development but in the first two 
months of hibernation this cholesterol fraction decreased. 
Since phospholipids and triglycerides increased at this time 
the oxidation of cholesterol may have supplied energy and 
components for the synthesis of these fractions, but they 
may have been mobilized from other sites. 
In the last two months of hibernation phospholipids 
increased and accounted for 69% of the egg lipid prior to 
ovulation. 
146. 
TABLE 12: Composition of Lizard Ovarian and Oviducal Egg Lipid 
Month; PL Ch NEFA TG CE TLS % Recovery 
Nos. (mg) 
. * Lizards 
SKINK 
MAY Weight of lipid 5.7 8.6 1.2 0.1 11.5 135 .65 
6 <:j> component (mg) 
Component as 36 55 8 1 
% total lipid 
JULY Weight of lipid 6.1 0.3 0.1 2.5 0.4 13.0 72.31 
9 <:j> component (mg) 
Component as 65 3 1 2? 4 
% total lipid 
SEPT. Weight of lipid 6.3 1.1 0.6 0.8 0.3 15.9 57.23 
3 <:j> component (mg) 
Component as 69 12 ? 9 3 
% total lipid 
GECKO 
JULY Weight of lipid 14.1 2.7 4.0 19.8 0.4 49.0 83.67 
-{ 7 <:j> component (mg) 
Component as 34 ? 10 48 1 
% total lipid 
SEPT. Weight of lipid 12.2 6.3 4.0 23.7 57.7 80.07 
4 <:j> component (mg) 
Component as 26 14 9 51 
% total lipid 
JAN. Weight of lipid 2.4 1. 7 1.2 21.6 0.2 29.2 92.81 
4 <:j> component (mg) 
Component as 9 6 4 80 1 
% total lipid 
l 
. ! 
PL = Phospholipids Ch = Cholesterol NEFA = Non-esterified fatty acids 
TG = Triglycerides CE = Cholesterol Esters TLS = Total lipid spotted 
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FIGURE 17 Compos'ition of ovary and 
oviducal egg lipid 
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(ii) Gecko: During the last months of hibernation 
triglycerides and cholesterol levels increased while phospho-
lipid and NEFA levels remained fairly c9nstant. Unlike the 
skink eggs, the gecko egg lipid just prior to ovulation was 
composed mainly of triglycerides (51%) with phospholipids 
(26%) as the second.most abundant fraction. This composi-
tion resembled that reported for SceZoporus jarrovi by Hadley 
and Christie (1974). 
During embryonic development phospholipids, cholesterol 
and NEFA levels fell in gecko oviducal eggs. Some of this 
decrease must portray the utilization of energy by the 
developing embryo but triglyceride levels increase abruptly 
during this time. Since little yolk remains by January the 
triglycerides, which are perhaps synthesised from some of 
. the breakdown products of the other fractions, must be in-
corporated into embryonic tissues. Just before birth the 
gecko embryo has a lipid component profile very similar to 
that of the adult in January. The high level of tri-
glycerides suggests that the young are born with a good 
energy supply which would increase their survival, as lipid 
could conceivably be utilized if food was scarce after 
birth. It may however form the basis of lipid deposits 
that the young would require when it enters its first 
hibernation a few months later. 
b) 0,s-Liquid Chromapographff. 
Tables 13 and 14 show the fatty acid pattern of phospho-
lipids, non-esterified fatty acids and triglycerides in skink 
-( 
TABLE 13: Fatty Acid Composition of Skink. Ovary and Oviducal Egg 
Phospholipids, Non-esterified Fatty Acids and Triglycerides 
Fatty Acid May July September 
Phoseho Ueids 
Myristic 14:0 1.31 1.38 4.73 
Palmitic 16:0 27.60 30.56 28.70 
Palmitoleic 16:l 9.49 5.21 7.86 
Stearic 18:0 7.38 14.73 0.21 
Oleic 18:l 48.35 31.00 45.95 
Linoleic 18:2 3.07 0.93 2 .10 
'Linolenic 18:3 2.99 5.04 
Arachidic 20:0 6. 36 
Others ·2. 73 6.76 5.35 
Saturated:Unsaturated 36:64 55:45 36:64 
Non-esterified Fattu Acids 
* Myristic 14:0 6.02 2.16 
Palmitic 16:0 27.70 24.21 
Palmitoleic 16:l 2.40 7.22 
Stearic 18:0 10.84 6.67 
Oleic 18:1 51.20 46.94 
Linoleic 18:2 1.97 
Linolenic 18:3 
Arachidic 20:0 
Others 1.80 10.76 
Saturated:Unsaturated 46:54 36:64 
Triglycerides 
Myristic 14:0 1.07 3.41 1.45 
Palmitic 16:0 21.05 25.54 19.96 
Palmitoleic 16:1 10.21 4.78 9.86 
Stearic 18:0 4.76 18 .30 0.87 
Oleic 18:1 50.47 36.00 61.75 
Linoleic 18:2 7.28 0.34 2.95 
Linolenic 18:3 1.67 0.98 
Arachidic 20:0 1.19 2.41 
Others 2.18 8.16 3.12 
Saturated:Unsaturated 28: 72 53:47 23 :77 






TABLE 14: Fatty Acid Composition of Gecko Ovary and Oviducal Egg 
Phospholipids, Non-esterified Fatty Acids and Triglycerides 
Fatty Acid May July September January 
Phos-e_ho Zi-e_ids 
Myristic 14:0 0.92 1.10 1.50 1.03 
Palmitic 16:0 25.75 28.90 24.11 19 .89 
Palmitoleic 16:1 8.49 8.22 7.91 6.18 
Stearic 18:0 0.44 7.53 6.53 8.58 
Oleic 18:l 50.00 41.28 50.34 35.38 
Linoleic 18:2 7.64 0.91 4.34 11.95 
Linolenic 18:3 2.76 2.81 2.78 2.31 
Arachidic 20:0 5.38 5.49 
Others 3.91 3.81 2.42 9.12 
Saturated:Unsaturated 28:72 44:56 32:68 36:64 
Non-esteri[ied Fattu Acids 
Myristic 14:0 1.08 1.52 2.96 1.15 
Palmitic 16:0 27.51 32.02 22.35 20.71 
Palmitoleic 16:1 8.93 6.33 7.64 6.19 
Stearic 18:0 4.43 7.51 0.34 8.37 
Oleic 18:l 51.01 36.65 59.81 49.63 
Linoleic 18:2 4.89 0.10 2.40 9.14 
Linolenic 18:3 o. 77 3.87 1. 75 
Arachidic 20:0 5.85 2.. 38 
Others 1. 32 6.08 4.46 0.62 
Saturated:Unsaturated 33:67 48:52 26 :74 33:67 
Trig_ ZfL cerides 
Myristic 14:0 0.54 1.46 1.00 0.55 
Palmitic 16:0 17.60 24.94 18.30 9.43 
Palmitoleic 16:1 11.57 7.97 9.58 6.10 
Stearic 18:0 3.31 5 .17 3.12 3. 71 
Oleic 18:1 47.89 54.61 51.59 63.19 
Linoleic 18:2 12.61 0 .17 11.03 10.75 
Linolenic 18:3 2.80 0.38 1. 71 2.48 
Archidic 20:0 2.47 1.81 2.29 2. 71 
Others 1.14 3.43 1.32 1.04 




and gecko ovary and oviducal egg fat respectively. 
In all ovary and oviducal egg lipid fractions oleic 
acid (18:1) was the most abundant fatty acid and palmitic. 
acid (16:0) the second most abundant acid. The percentages 
of oleic acids in ovarian egg triglycerides closely resembles 
that reported by Hadley and Christie (1974) in SceZoporus 
jarrovi. 
All fractions except skink July samples had a greater 
proportion of unsaturated than saturated fatty acids. 
(i) Skink: From May to July when both phospholipids 
and triglycerides increased, the percentage of saturated 
fatty acids (palmitic, 16:0 and stearic, 18:0 acids) in-
creased to such an extent that there was a higher proportion 
of saturated than unsaturated acids in the ovary. However 
in the last months of hibernation, just before ovulation, 
this pattern changed. The increase in phospholipids was 
accounted for by an increase in the percentage of oleic 
(18:1), linoleic (18:2), linolenic (18:3) and palmitoleic 
(16:1) acids, while in triglycerides which decreased 
slightly, the percentage of 16:0 and 18:0 fell to low levels. 
(ii) Gecko: From May to July, the first months of 
hibernation, the lipid fractions of gecko ovary became more 
saturated but in all cases the proportion of unsaturated 
acids was still higher than that of saturated fatty acids. 
In the last month~ of hibernation, before ovulation, there 




in the triglyceride fraction. Although both phospholipid 
and NEFA levels remained fairly constant before ovulation 
their fatty acid patterns showed an increase in the per-
centage of unsaturated fatty acids (mainly 18:1 and 18:2). 
During embryonic development when the level of tr1i-
glycerides increased there was an increase in the percentage 
i 
of 18:1 and a decrease in 16:0. Hadley and Christie (1974) 
also reported an increase of oleic acid with oviducal egg 
development in Sce"loporus jarrovi. The fall in phospholipids 
at this time was accounted for by a fall in 18:1 which may 
have been incorporated into embryonic triglycerides. 
4. Histology 
A. OVARY 
The skink and gecko ovaries are histologically very 
similar to those of other lizards. They consist of an 
ovarian epithelium, stroma, germinal bed and varying numbers 
of follicles. Yolked follicles, corpora lutea and atretic 
follicles are present seasonally (Fig. 18). 
a) Ovarian EoitheZ1~um and Stroma: The ovarian epithelium 
is made up of single layer of flattened cells. The stroma 
is composed of collagenous fibres, a few fibroblasts, and 
small blood vessels. This stroma forms the thin layer 
between the ovarian epithelium and the layer of squamous 
epithelium which lines the ovarian cavity. 
153. 
FIGURE 18: Skink Ovaries 
(A) Skink Ovaries and Oviducts (January, 80x) 
The upper ovary contains a germinal bed in 
an anterior position. The lower ovary con-
tams three unyolked follicles and a corpus 
luteum in the last stages of degeneration. 
(B) Skink Ovary (February, 80x) 
Contains two germinal beds, one in an anterior 
position and one in a medial position, and two 
follicles in the first stages of yolk deposition. 
gb = germinal bed cl = corpus luteum 
od = oviduct k = kidney 
oc = ovarian cavity uf = unyolked follicle 
OW = ovary wall composed of an outer layer of 
ovarian epithelium, a thin layer of stroma 
and an inner layer of squamous epithelium 











b) Germinal Bed: In the ovary a specialized area of 
ovarian epithelium and underlying stroma form the germinal 
bed. The gecko, like HopZodactylus maculatus (Boyd, 1940), 
Cafotes versicofor (Varma, 1970) and Anolis caroUnensis (Gerrard 
et al., 1973) has only one small area of germinal epithelium. 
It is situated in an anterior dorsal position and consists 
of two to three layers of cells, the outer-most of which 
differentiates to form oogonia (Fig. 19A). Mature oocytes 
migrate from the germinal epithelium through an inner layer 
of germinal stroma and into the ovarian cavity. 
The skink germinal epithelium is found at the anterior 
end of the ovary, its location ranges from anterior sites to 
positions along either the median or lateral sides. It may 
form two small isolated germinal beds (Fig. 18B) or one 
large one and appears to differ to the skink Leiolopisma 
rhomboidaUs (Wilhoft, 19 6 3) which had two small isolated 
masses of germinal epithelium one at each end of the ovary. 
One of the largest germinal beds measured 0.7 mm in length 
and was 50 µm wide ~tits midpoint, its ends tapered into 
the general ovarian epithelium. The outermost layer of the 
germinal epithelium is composed of columnar cells that sup-
port on their inner margin one or two rows of spherical 
oogonia and smaller undifferentiated cells. Beneath the 
germinal epithelium is a layer of stroma which ranges from 
15-30 µm wide (Fig. 19B). The continuity of the germinal 
bed is interrupted as follicles mature and migrate inwards 
into the ovary. 
156. 
FIGURE 19: 
(A) Gecko Germinal Bed (400x) 
The germinal epithelium consists of two to 
three layers of cells and supports a wide 
layer of stroma on its inner margin. 
CB) Skink Germinal Bed (800x) 
The germinal bed is composed of germinal 
epithelium, two to three cells thick, and 
stroma. The small follicle has a single layer 
of follicular epithelium and a thin layer of 
stroma has formed the theca. 
ge = germinal epithelium 
fe = follicular epithelium 
s = stroma of germinal bed 
uf = unyolked follicle 
t = theca 


























c) Follicles: Each skink ovary contains from four 
to seven unyolked follicles while geckos have three to six 
follicles per ovary. Table 15 shows the widths of (1) 
theca, (2) follicular epithelium and (3) vitelline membranes 
in various sized follicles, The morphology of skink and 
gecko follicles is similar and agrees with that reported 
for other lizards. 
Follicular Epithelium: As the oocyte moves through 
the germinal bed, cells migrate and surround it forming the 
follicular epithelium. The layer becomes complete in fol-
licles of 0.1 mm in diameter, and increases in larger fol-
licles. Three cell types can be recognized in the follicular 
epithelium. There are small cells, intermediate sized 
spherical cells with dark staining cytoplasm and nuclei, 
.and large pyriform shaped cells with lighter staining 
cytoplasm and large vacuolated nuclei (Fi.g 20A). Inter-
mediate sized cells differentiate into large cells and in-
crease the follicular epithelium width which reaches a 
maximum of 58 µmin a gecko follicle of about 0.5 to 1.0 mm 
diameter, and 38 µmin a skink follicle of about the same 
size. In both species this wide follicular epithelium 
appears to be pseudostratified. The outer layer is made 
up of very small cells, the middle layer of large pyriform 
cells and the inner layer of small and intermediate sized 
cells. The inner ends of the large cells extend in the 
form of protoplasmic threads which appear to traverse the 
vitelline membranes. 





Follicle Diameter (mm) 
o.o+o.2 0.2-+o.5 0. 5-+1. 0 1. o+l. 5 1. 5-+2. 5 2.5-+ up 
Theca 2.9 µm 7.8 µm 15.6 µm 27.3 µm 23.4 µm 16.5 11m 
Follicular 
17.6 37 .9 µm 38.3 12.5 5.0 2.5 Epithelium 
µm µm µm µm µm 
Zona 
0.6 µm 2.9 µm 7.3 µm 5.9 µm 2 .8 µm Pellucida 
Zona 
0.6 µm 1.9 µm 5. 7 µm 4.4 µm 6.1 µm Striata 
Gecko 
Follicle Diameter (mm) 
o.o+o.5 0. 5-+l. 0 1. O+l. 5 1.5-+2. 0 2.0+4.0 4.0-+ up 
Theca 5.5 µm 11.5 µm 19.0 µm 37.5 µm 28.7 µm 10.9 µrn 
Follicular 36.l 57.9 46.3 
Epithelium 
µm µm µm 32.8 µm 6.8 µm 3.6 µm 
Zona 1.5 µm 3.0 µm 4. 7 µm 3.8 µm 1. 7 µm 
Pellucida 
Zona 




(A) Gecko Follicular Epithelium (1600x) 
Three types of cells can be distinguished 
in the follicular epithelium, small cells 
(sc), large cells (le) with prolongated 
ends which extend towards the vitelline 
membranes (plc = prolongation of large 
cells) and intermediate sized cells (ic). 
The follicular epithelium is surrounded by 
the theca (t) on the outer edge and the 
vitelline membranes (vm) on the inner edge. 
(B) Skink Corpus Luteum (October, 80x) 
In the newly formed corpus luteum the inner 
theca is lightly stained while the outer 
theca is more darkly stained and contains 
large capillaries. Luteal tissue has begun 
to fill the old oocyte cavity and the 
rupture aperture. 
lt = luteal tissue 











































greater than about 1.0 nun in diameter, the pyriform cells 
appear to collapse and degenerate, their cytoplasmic con-
tents probably empty via the protoplasmic threads into the 
oocyte. 
The Theca: The theca does not appear until the fol-
licle measures about 0.2 nun in diameter. At this stage 
fibroblasts migrate from the stroma and surround the fol-
licular epithelium. As the follicle grows collagenous 
fibres also become incorporated in the theca and gradually 
become the dominant element. In the gecko the theca con-
tinues to increase in width, a 2.0 nun follicle having a theca 
averaging about 37 µm. It is composed mainly of fibres with 
a few fibroblasts and blood vessels, but distinct inner and 
outer zones are not evident. In skinks the theca reaches 
· its maximum width of 27 µmin follicles from 1.0 to 1.5 ~n 
in diameter. Although there is no distinct inner and outer 
theca, the outer part is mainly composed of fibres with 
large peripheral blood vessels and the inner edge is com-
posed of fibroblasts with a few small blood vessels. 
Vitelline Membranes: Vitelline membranes first appear 
as fine lines in sections of follicles about 0.1 mm in dia-
meter. These become continuous and can be recognised as 
the zona striata when the follicle reaches 0.4 mm in diameter. 
The zona pellucida appears as irregular isolated dark lines 
below the follicular epithelium in the 0.1 mm follicle but 
takes longer to develop than the striated zone. Although 





In the gecko the zona pellucida reaches its maximum 
width in 1.5 to 2.0 mm follicles, and then gradually de-
creases with increasing follicular diameter. In the skink 
the zona pellucida is widest in 1.0 to 1.5 mm follicles and 
does not decrease as rapidly as in the gecko. In both the 
skink and the gecko the striated zone continues to increase 
with increasing follicular diameter. 
The Oocyte: In small follicles up to about 0.5 mm in 
diameter the ooplasm enclosed by the dark stained egg 
membrane has the appearance of a close network of fine 
twisted and branched threads. In the skink small spherical 
granules are evident throughout this network. As the fol-
licle grows the network becomes slightly looser and in the 
gecko a narrow zone of vacuoles, possibly fat vacuoles 
·originating from pyriform cells in the follicular epithelium, 
develops just in from the periphery. 
is not seen in the skink. 
This vacuolated zone 
Yolk Deposition: In the gecko only one follicle (about 
1,5 mm in diameter) per ovary underwent yolk deposition each 
year, but in the skink one to five follicles matured in each 
ovary. 
The first evidence of yolk deposition was seen when a 
zone of small yolk granules were deposited just in from the 
periphery of the oocyte. As the periphery and centre of 
the small oocytes were still composed of a fine network of 
ooplasm the egg (about 2.0 mm in diameter) appeared zoned. 




and in large follicles the oocyte cytoplasm became obliter-
ated by yolk granules and later by fat vacuoles. In fully 
developed gecko follicles the polyangular yolk granules lay 
around and between the numerous fat vacuoles and gave a 
lattice effect to the oocyte, while in large skink follicles 
there was still a slight graduation of large granules and 
fat vacuoles on the periphery to smaller sizes in the centre. 
Pre-Ovulatory Follicle: The follicle often became 
slightly oval as it grew and just prior to ovulation meas-
ured 9-10 mm at its narrowest diameter in the gecko, while 
that of the skink was slightly smaller, usually measuring 
6-7 mm. 
In both the skink and the gecko follicle the theca was 
so stretched that it consisted of only a few fibres between 
large blood vessels. The cells of the follicular epithelium 
had been squashed to form a narrow band one cell wide. The 
zona pellucida was inconspicuous but the zona striata was 
still wide. The egg membrane was difficult to distinguish 
due to the yolk granules pushing against it. 
Ovulation occurred in September and the oocyte con-
tinued its development in the uterus while the theca and 
follicular epithelium left in the ovary collapsed and formed 






d) Corpus Lutewn: In the skink the number of corpora 
lutea varied from one to five depending on the number of 
follicles ovulated but in the gecko only one corpus luteum 
developed in each ovary. Table 16 shows the lengths and 
theca widths of corpora lutea sectioned in skinks and geckos. 
In October the theca of the newly formed corpus luteum 
was wide due to relaxation after the expulsion of the oocyte. 
In the skink, inner and outer layers of the theca could be 
distinguished. The external portion, composed mainly of 
radially arranged fibres, had large blood vessels at its 
periphery, and th~ inner zone of concentrically arranged 
fibroblasts had capillaries on its inner margin (Fig. 20B). 
In the gecko there was little distinction between the inner 
and outer theca. This was also noted by Boyd (1940) in the 
. gecko Hoplodaatylus maculatus. Luteal tissue, composed of cells 
with darkly stained cytoplasm and large darker stained nuclei 
filled the old oocyt~ cavity in the corpus luteum of the 
October skink. The rupture aperture in both skinks and 
geckos like that of Hoplodactylus maaulatus (Boyd, 1940) and 
Xantusia vigilis (Miller, 1948) was plugged by a ma.ss of luteal 
tissue (Fig. 20B). By November and December septa had 
formed in the luteal tissue. In the gecko these were com-
posed of fibroblasts from the inner theca and so resembled 
those in Hoplodaatylusmaculatus (Boyd, 1940), Xantusiavigilis 
(Miller, 19lJ.8) and Chalcides oaeUatus (Badir, 1968) but in the 
skink they were structurally more complex being composed of 
fibres, fibroblasts and blood elements~ like those of Lygosoma 
weekesae, L. entreaasteauxi (Weekes, 1934) and Calotes vesiaolo1• 
(Varma , 19 7 O ) • 
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TABLE 16: Variation in Lizard Corpora Lutea Dimensions 
Skinks 
Month Length x width (mm) Outer Theca Inner Theca 
Width (µm) Width (µm) 
October 1.9 X o.s 125 47 
:- November 1.2 X o.s 62 23 
December 1.1 X 24 62 
,1-
January 1.1 X 0.6 12 47 
February o.s X 0.2 16 28 
March 0.4 X 0,2 
·< 
Gecko 
Month Length (mm) Theca (µm) 
•( 
October 2.2 180 
November 
December 1.2 90 
January 1.2 30 
~.\ February 1.2 30 
.. 
' l March 0.7 10 
r.i 
.( 






Corpora lutea regression was first evident in December 
when luteal tissue cytoplasm appeared vacuolated and the 
nuclei decreased in size and became irregularly shaped. 
From January until March there was a rapid and marked de-
crease in the size of the corpora lutea as luteal tissue 
degeneration proceeded (Fig. 18A). In most degenerating 
corpora lutea pigment deposits accumulated in the degenerat-
ing luteal tissue. 
The length of time taken for the corpora lutea to 
degenerate varies greatly. In Lygosoma quoyi (Weekes, 1934) 
corpora lutea are not evident two weeks after the birth of 
the young while degenerating corpora lutea are retained for 
two months in Sceloporus Jarrovi (Goldberg, 1970). In skinks 
and geckos there was no microscopical evidence of corpora 
.lutea in March, three months after the birth of the young . 
These species therefore appear to retain the corpora lutea. 
for an intermediate length of time, degeneration taking 
longer than in the above mentioned species but not as long 
as in ChaZcides oceUatus (Badir, 1968) in which the corpora 
lutea did not completely disappear until autumn or during 
the winter. The significance and function of persistent 
corpora lutea has not yet been established. 
e) Atretic FoUicZes: Although atretic follicles were 
uncommon in both skink and gecko ovaries, newly formed 
atretic follicles were found in the skink in February and 
March and atretic follicles in their last stages of degenera-
tion were found in skink ovaries in May and in gecko ovaries 
' , \ 
\ 
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in June and August. 
In the first stages of atresia the theca and follicular 
epithelium looked normal for the size of the follicle but 
the ooplasm had shrunk away from the outer layer. The 
vitelline membranes were broken in parts and the egg mem-
brane had decomposed. In more advanced atretic follicles 
the vitelline membranes had completely disappeared, the 
ooplasm had become vacuolated and disorganised and there 
was a proliferation of small cells in the follicular 
epithelium. In the last stages of atresia in gecko fol-
licles the theca had large blood vessels around the periphery 
and the remaining ooplasm was associated with large phagocytic 
cells. 
Since newly formed atretic follicles were found at the 
time yolk deposition conunenced it would appear that atresia 
takes place in skinks and geckos if too many eggs begin yolk 
deposition. In the species studied by Weekes (1934), Tel-
ford (1969), Goldberg (1970) and Varma (1970) atresia 
occurred after ovulation or at the end of the breeding 
season. The earlier degeneration of eggs in skinks and 
geckos would allow nutrients from the atretic follicles to 
be rechannelled into developing eggs whereas in other 
species such nutrients would need to be stored for develop-








The oviduct consists of three distinct regions, the 
anterior infundibulum, the middle uterus and posterior 
vagina. 
a) Infundibulum: The infundibulum is thrown into zig-
zag folds which increase in width posteriorly. Its wall 
is composed of Ci) an outer thin squamous serosa, (ii) a 
thin muscle band which increases in width as the infundibulum 
thickens and (iii) a mucosa which varies structurally along 
its length. 
The most anterior portion of the infundibulum, the 
ostium, has an epithelium of cuboid ciliated cells which 
extend from the lumen, over the ends and backwards over the 
outer muscle bands (Fig. 21). 
In the gecko the first few zig-zag folds have a thin 
smooth epithelium composed of alternating ciliate cuboid 
cells and non-ciliated secretory cells. Before ovulation 
the secretory cells enlarge and often extend beyond the 
ciliated cells in a blob, giving the epithelium an uneven 
appearance. In the skink the epithelium of the first zlg-
zags is histologically similar to that in the gecko but it 
may be thrown into low folds. 
In both the gecko and skink the epithelium of the 
posterior part of the infundibulum is thrown into folds, 
which increase in height posteriorly. The epithelium con-
sists of columnar ciliated and non-ciliated cells. The 
170. 
FIGURE 21: Ostium of Skink Infundibulum (800x) 
Cuboid ciliated epithelium extends from the 
infundibulum lumen over the ends and backwards 



















non-ciliated secretory cells increased in size from May 
and gradually squashed the ciliated cells between them. 
172 . 
By August the tops of the secretory cells almost completely 
obliterated the ciliated cells, giving the appearance of a 
fully secretory epithelium, After ovulation the 
secretory cells regressed and by December the ciliated and 
non-ciliated cells were the same size. 
a resting condition until May. 
They remained in 
In the gecko seminal receptacles are present in the 
posterior part of the infundibulum. They are situated in 
the lamina propria, mainly in the corners of the zig-zag 
folds and are more numerous towards the infundibulum-
uterus juncti9n. For most of the year they are composed 
of a single layer of rather vacuolated epithelial cells 
(each with a large central nucleus) which surround a very 
small lumen (Fig. 22A). In this form they resemble the 
aveolar glands of HoplodaatyZus macuZatus described by Boyd 
(1942) but just before ovulation, in September, when 
spermatozoa are present in the enlarged lumen (Fig. 22B) it 
becomes apparent that the aveolar glands act as seminal 
receptacles. Such seminal receptacles are also found in 
two other species of gecko, Col-eonyx Val'.>iegatus and PhyUodactyZus 
homoZepidurus (Cuellar, 1966b) and in the snakes Thamnophis 
sirtaZis and T. eZega,ns ten?e_stris (Fox, 1956). As in geckos 
spermatozoa were only evident in the seminal receptacles of 
Thamnophis just before ovulation. Seminal receptacles were 
not present in the infundibulum of the skink. 
173. 
FIGURE 22: Seminal Receptacles in Gecko Infundibulum 
(A) Empty Seminal Receptacles in Infundibulum of 
June Gecko (800x). The epithelium which con-
sists of columnar ciliated cells (cc) and non-
ciliated secretory cells (sc) is thrown into 
folds. The seminal receptacles (sv) situated 
beneath the epithelium, have empty lumina. 
(B) Seminal Receptacles with Spermatozoa in 
September Gecko (1600x). Spermatozoa (sp) 











b) Utel'US: Most of the oviduct is made up of the 
thick walled uterus. The outermost tissue in the uterus 
wall is a layer of longitudinal muscle which surrounds an 
inner circular muscle band. In the gecko these muscle 
bands frequently contain deposits of dark pigment. Inside 
the muscle layers a wide lamina propria contains blood ves-
sels and glands. These glands are composed of cuboid cells 
which have vacuolated cytoplasm and large basal nuclei and 
open into the lumen by a short neck. They become secretory 
prior to ovulation. The epithelium lining the uterus lumen 
is composed of cuboid to columnar shaped goblet (non-ciliated) 
and ciliated cells. The goblet cells have basal nuclei and 
are packed with secretory granules, while the ciliated cells 
have central nuclei. 
In the skink the epithelium forms small invaginations 
into the lamina propria. These invaginations may be due to 
shrinkage of the outer muscle bands during fixing causing 
the epithelium to buckle, but the increase in size and number 
of these invaginations towards the uterus-vagina junction 
suggests they are a permanent anatomical feature. In the 
gecko the epithelium is smooth with only an occasional 
invagination. 
c) Vagina: A layer of longitudinal muscle forms as a 
smooth sheet over the whole vagina and the inner band of 
circular muscle is thickened in the posterior region. The 
epithelium lining the lumen is composed of columnar ciliated 
cells and is interspersed with a few non-ciliated cells. 
I 
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In the anterior region branching invaginations extend into 
the lamina propria. The number of these invaginations 
increase caudally and in the middle region of the gecko 
vagina they appear to form branching tubules (Fig. 23B). 
Tubules do not appear to develop in the skink vagina but in 
other species namely AnoZis caroZinensis (Fox, 1963) and 
iguanids (Cuellar, 1966b) such tubules are well developed. 
The lower half of the vagina is arranged in longitudinal 
fo~ds which decrease in height posteriorly (Fig. 23A). 
Spermatozoa were stored in the gecko vagina for eight 
months and in the skink vagina for six months. In the 
gecko spermatozoa were first evident in the posterior vagina 
in February (Fig. 24A) and by April they were present in the 
tubules of the middle vagina. In August they were present 
_throughout the vagina but only in September, just prior to 
ovulation were they found in the seminal receptacles of the 
infundibulum (Fig. 22B). This suggests that the main 
storage site in geckos is the lower vagina and that spermat-
ozoa move up the oviduct into the seminal receptacles just 
before ovulation. In this position they are ideally placed 
to fertilize the egg as soon as it enters the oviduct. 
In the skink semen was first found in the posterior 
part of the vagina in March suggesting that copulation had 
just taken place. From April until September spermatozoa 
were stored in large numbers throughout the vagina (Fig. 24B). 
Spermatozoa were not observed to penetrate the cytoplasm 
as was the case in the skink EWf/eces egregius (Schaefer and 
Roeding, 1973). In April some spermatozoa had moved into 
177. 
FIGURE 23: Vaginal Anatomy 
(A) Skink Vagina (80x) 
The anterior portion of the vagina has 
invaginations (i) which grade into longi-
tudinal folds (lf) in the posterior vagina. 
I 
od = oviduct 
I 
k = kidney 
(B) Gecko Vagina (160x) 
The middle region of the gecko vagina has 
















FIGURE 24: Spermatozoa in the Vagina 
(A) Spermatozoa in Gecko Vagina (800x) 
Spermatozoa are present in the longi-
tudinal folds. 
(B) Spermatozoa in Skink Vagina (200x) 
Spermatozoa are present in the lumen 
and in the longitudinal folds. 








the lower invaginations of the uterus and in following months 
they were found half way up the uterus. 
d) OviducaZ Eggs and PZacentation: Vivipari ty is common 
in the Scincidae especially in species inhibiting colder 
temperate areas or high altitudes but in the Gekkonidae, 
which are mainly tropical and sub-tropical, viviparity has 
been established only in New Zealand species. 
Two types of placentae are present in these lizards. 
The first type, the yolk sac or omphaloplacenta is ventrally 
situated. It consists of enlarged secretory uterine 
epithelial cells which lie opposite enlarged ectoderm cells 
of the lower part of the yolk sac. The second and more 
extensive allantoplacenta is formed on the dorsal surface 
and consists of the extra-embryonic membranes which lie 
opposite modified cells of the uterine epithelium. 
( i) Skink 
Detailed data on the development of skink oviducal eggs 
was unavailable but specimens from October, November and 
December showed the newly formed oviducal egg, the egg with 
a fully developed allantoplacenta and a limited omphalo-
placenta,and the fully developed oviducal egg. 
October: The newly formed oviducal egg resembled the 
pre-ovulatory follicle and was completely surrounded by shell 
membranes. There was no evidence of the omphaloplacenta 
which suggested that the egg had been in the oviduct for only 
a short time. The stretched uterine wall was about 22 µm 
' . 




wide, the epithelial cells were cuboid (about 6 µm high), 
the lamina propria (about 3 µm thick) had only a few capil-
laries and squashed glands and the muscle bands formed a 
zone 12 µm wide. 
Sections of the neck of uterus between oviducal eggs 
showed a thick band of contracted circular muscle, and the 
uterine epithelium had been thrown into deep folds nearly 
obliterating the lumen. 
November: In the skink oviduct sectioned in November 
the newly developed allantoplacenta was present on the dorsal 
surface of the egg but there was only a small section of 
omphaloplacenta. The yolk cleft extended half way round 
the egg and a little shell membrane was present between the 
egg and uterine wall. 
Omphaloplacenta: 
Maternal Side: The central area of the omphaloplacenta was 
thrown into folds 155 µm high, but these folds gradually 
lost height and tapered off to a smooth epithelium at the 
edges of the omphaloplacenta. The dark stained epithelial 
cells were enlarged (about 15 µm high) but there was no 
evidence of secretory activity. 
Foetal Side: The ectoderm cells on the foetal side of the 
omphaloplacenta were columnar to cuboid, were slightly more 
vacuolated than the cells of the uterine wall and had large 
spherical centrally situated nuclei. Only very low folds 






The remains of the egg and shell membranes had fallen 
from the sides·of the egg and formed a pad of debris on the 
ventral surface. The presence of this debris most probably 
limited the development of the omphaloplacenta. 
Allantoplacenta: 
Maternal Side: The uterine wall was still about 22 µm wide but 
the number of capillaries had increased compared to the 
October specimen. 
epithelium. 
These capillaries pushed down into the 
Foetal Side: The allantochorion, formed by the union of the 
outer allantoic membrane with the chorion was about 31 µm 
wide. Its very prominant ectoderm cells were not touching 
each other but stood out separately from the rest of the 
membrane (Fig. 25). Mesenchyma with the occasional nuclei, 
filled the central space between numerous capillaries and 
a prominent endoderm formed the inner layer. 
December: The oviducal eggs sectioned in December con-
tained well developed embryos. No omphaloplacenta was 
sectioned, no yolk was evident and the well developed 
allantoplacenta surrounded the whole embryo. On the 
ventral surface a little degenerated shell membrane debris 
remained between the allantochorion and the amnion-allantois. 
Allantoplacenta: 
Maternal Side: The uterine wall was between 12 µm - 20 µm wide. 
The epithelium was narrower than in the November specimen 
and was restricted to spaces between the invading capillaries. 
Very few epithelial nuclei were evident. The muscle bands 
184. 
FIGURE 25: 
(A) Gecko Omphaloplacenta (December, 200x) 
The maternal side of the omphaloplacenta 
(lower) is composed of a folded uterine 
epithelium (ue),lamina propria (lp) and 
muscle layer (m). The foetal side of the 
omphaloplacenta is composed of folded 
ectoderm cells. 
ye= yolk cleft ys = yolk sac 
CB) Skink Allantoplacenta with Prominant Ectoderm 
Cells (November, 800x) 
The outer uterine wall (uw) is composed of a 
thin muscle layer (m), lami11a propria (lp) 
and epithelium (ue). The allantochorion has 
prominant ectoderm cells (ec) and inner 
endoderm (en) and the space between is 
filled with mesenchyma and capillaries (c). 
The amnion-allantois (aa) is composed of thin 
inner and outer layers between which the wide 






were about 10 µm wide but at regular intervals around the 
uterus large blood vessels, packed with corpuscles, had 
formed in the centre of the muscle band. 
Foetal, Side: The allantochorion was in very close contact with 
the uterine wall but no form of attachment was evident 
between them. Since November the width of the allanto-
chorion had decreased to about 15 µm but the number of 
capillaries had increased. The ectoderm cells still stood 
out from the rest of the membrane but were less distinct. 
Most of the central region of the membrane was taken up by 
large capillaries which left only small areas of vacuolated 
mesenchyma between them. A thin layer of cytoplasm with 
a very occasional nuclei was evident on the inner surface. 
The amnion-allantois (15 µm wide) was well developed. 
It consisted of thin inner and outer layers of deeply stained 
cytoplasm with few nuclei, and a central wide zone which 
had little cellular structure except an occasional 
allantoic capillary. 
(ii) Gecko 
Unfortunately a complete developmental sequence of 
gecko oviducal eggs was not available but specimens from 
October, December and January showed the newly formed 
oviducal egg, the egg with a fully developed omphaloplacenta 
and allantoplacenta, and the egg just prior to birth. 
October: The newly formed oviducal egg measured 
7.5 x 5 mm, and occupied the entire uterus. The circular 
musclffiwere contracted anteriorly at the infundibulum-uterus 
187. 
junction and posteriorly at the uterus-vagina junction to 
form the incubation chamber which fitted closely around the 
enclosed egg. The stretched uterine wall was only about 
18 µm wide, but was anatomically similar to the wall in 
the no11-pregnant female. The epithelium had been reduced 
to cuboid cells 6 µmin height, and small capillaries were 
evident between the epithelium and lamina propria. The 
glands in the lamina propria were squashed obliterating their 
lumina and the muscle bands were compressed into a single 
broad band. 
Bands of secreted material were present between the 
oviduct and egg. A wide fibrous shell membrane lay close 
to the egg while a thinner homogenous stained secretion which 
may have originated from the squashed uterine glands adhered 
to the uterine epithelium. 
Most of the egg was composed of yolk granules and fat 
vacuoles, still in the lattice like arrangement seen in the 
follicle before ovulation. However, one small patch on the 
ventral side was devoid of fat vacuoles and contained only 
small yolk granules packed closely together. A few small 
pleats were also evident in this area of the yolk navel. 
December: By December the egg had increased in size 
and only half the yolk remained. No shell membranes 
remained and the fully developed omphaloplacenta covered 
the ventral surface of the egg. The allantoplacenta had 
extended down the sides of the yolk to cover the dorsal half 
of the egg. 
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Omphaloplacenta: (Fig. 25A) 
Maternal Side: At the centre of the omphaloplacenta the uterine 
epithelium was thrown into folds, the tallest reaching a 
height of 125 µm. Further from the central area the folds 
decreased in height and tapered into smooth epithelium about 
30 µm high. This epithelium was still composed.of ciliated 
and non-ciliated secretory cells. The secretory cells had 
slightly alveolar cytoplasm and basal nuclei and were raised 
above the ciliated cells which had been compressed into a 
small area between them. Capillaries were present below the 
epithelium and a few glands were present at the bottom of the 
central folds. 
Foetal Side: The yolk cleft had separated off a portion of 
yolk and the enlarged ectodermal cells covering this isolated 
yolk-layer formed the foetal part of the omphaloplacenta. 
The central part of the ornphaloplacenta was thrown into folds 
90 µm high but these tapered into smooth epithelium 45 µm 
high. The ectodermal cells were columnar with oval basal 
nuclei. Mesoderm was evident between the folds, sandwiched 
between the ectoderm and yolk. 
The maternal and foetal folds did not interlock, but 
provided a greater area for secretion and absorption by the 
uterine epithelium and foetal ectoderm respectively. 
Allantoplacenta: 
Maternal Side: The uterine wall outside the area of the omphalo-
placenta was only about 12 µm wide. Its epithelium had 






were indistinct. At regular intervals along the 
epithelium a few degenerating cilia were still present. 
The cytoplasm was vacuolated and the oval nuclei lay with 
their long axes parallel to the outer wall. The capil-
laries had increased in number and bulged into the epithel-
ium pushing the epithelial nuclei and cytoplasm into "nests" 
between the capillaries. 
Foetal Side: The uterine epithelium and allantochorion were 
in close contact but there did not appear to be any attach-
ment between the two. The allantochorion was about 15 µm 
wide but its ectoGermal cells were not prominant as were 
those of the skink. The central region was composed of 
large allantoic capillaries between which lay vacuolated 
mesenchyma with small irregular shaped nuclei. The inner 
layer of allantoic endoderm had indistinct cell boundaries 
and large oval nuclei. 
The amnion-allantois lay inside the allantochorion. 
Its cellular structure was indistinct but rows of large oval 
nuclei indicated an outer endoderm and inner thinner ectoderm. 
January: The January oviducal egg was fully developed 
and only a small amount of vacuolated yolk remained, situat-
ed in the coil of the embryo. 
Omphaloplacenta: 
The omphaloplacenta had regressed, the epithelium of the 
uterine wall had decreased in height and the foetal ectodermal 
cells had become so reduced that they were separated from 
each other and stood out from the mesoderm. The 
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allantochorion had grown between the remains of the yolk 
sac and the omphaloplacenta,and hence the latter was most 
probably non-functional. 
Allantoplacenta: 
Maternal Side: The uterine wall was still very thin and the 
number of capillaries had increased compared to the December 
specimen. Since the epithelium was thinner, with no trace 
of cilia and very few nuclei, the enlarged capillaries were 
very close to the foetal membranes, but no form of attachment 
between the two was evident. 
Foetal Side: The allantochorion which completely surrounded 
the egg was thinner and consisted of a very thin ectoderm 
covering enlarged capillaries. The amnion-allantic membrane 
was thinner and showed no distinct cellular structure. 
The gecko omphaloplacenta was similar to that of 
Hoplodactylus maculatus (Boyd, 1942) and showed a greater degree 
of development than seen in the skink, which retained shell 
membrane debris until late in the gestation period. 
The development of the allantoplacenta in the skink 
and gecko was similar to that in Leiolopisma species (Weekes, 
1927) and Hoplodactylus maculatus (Boyd, 1942) and can be 
classified as type (i) in the Weekes (1935) classification. 
191. 
MALE 
1. Gross Morphology 
The testes of skinks and geckos are paired white 
organs. They are suspended in the posterior dorsal posi-
tion on either side of the body cavity by a mesentery, the 
mesorchium. The right testis lies slightly anterior to 
the left. The winter testes of the skink are small, dirty 
white and clear. The summer and autumn testes are very 
much enlarged, creamy to yellowish white and the convoluted 
seminiferous tubes are visible beneath the transparent 
tunica albuginea. Although the gecko testes show similar 
structure and colour changes to those above, they do not 
enlarge to such a great extent in summer. 
The seminiferous tubules empty into a single testis 
outlet duct which extends in the mesorchium into the 
epididymis. This duct divides into several small vasa 
efferentia which anastomose into the ductus epididymis. 
Together these vasa efferentia and ductus epididymis form 
the epididymis, a compact fusiform body which is a little 
longer than the testis and lies dorso-laterally to it in 
the mesentery. Between the anterior portion of the testes 
and epididyrnis, is the pinkish orange adrenal gland which 
is about a third as long as the testis. 
From the epididymis the vas deferens winds over the 
ventral surface of the anterior part of the kidney, then 
runs straight to empty with the ureter into the anterior 
portion of the cloaca. The epididymis and vas deferens of 
192. 
the gecko are smaller, shorter and have fewer convolutions 
than those of the skink. 
The kidneys lie in a dorsal position at the end of the 
body cavity. They are reddish brown in colour except on 
their inner ventral margins which appear white during the 
breeding season. 
sex segment. 
This white area is known as the renal 
The male gecko has two rows of preanal glands located 
just anterior to the vent. Their openings form raised 
waxy cones on adjacent scales and extend from the mid-
ventral area to a slightly femoral position (19-22 cones 
per row). The area just anterior to the rows of cones 
appears bright orange at the height of the breeding season 
(Fig. 34A). No glands develop in this region in the male 
skink or female skinks or geckos. 
2. Seasonal Variation in the Male Reproductive Tract 
a) Seasonal Variation in Testes Weight Ratio and Spemz 
Production 
(i) Skink.: The seasonal va1"iations in skink mean testes 
weight ratio are shown in Fig. 26 and individual weights and 
ratios of testes from each lizard are tabulated in Appendix 
I. 
The testes weight ratio was at a minimum in September 
(0.48%) and increased slightly during September (P<0.05). 
193, 
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Seasonal variation in testes weight and breeding potential 
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From October until December the testes ratio increased 
rapidly (increases each month were significant at least at 
the P<0.01 level) which brought the ratio to a maximum at 
the beginning of January (3.68%). From January until 
April the ratio decreased rapidly (the decreases each month 
were significant at least at the P<0.02 level) and then 
remained constant until July. A slight decrease during 
July and August brought the testes weight ratio to its 
minimum. 
Breeding potential, measured by the presence of sperm 
throughout the vas deferens is also indicated in Fig. 26. 
During most of the year the vas deferens was a thin trans-
parent grey convoluted tube but from January until May as 
sperm production advanced the vas deferens became thick and 
filled with a milky white seminal fluid which, on micro-
scopic inspection, was seen to contain sperm. In January 
75% of the males dissected had sperm in the vas deferens 
and in February and March all the males dissected had sperm 
present. In April and May only 50% of males still retained 
sperm along the length of the vas deferens and by June and 
July sperm could only be found at the extreme end of the 
vas deferens. 
(ii) Gecko: The seasonal variations in mean testes 
weight ratio of the gecko are shown in Fig. 26 and individual 
weights and ratios of testes from each lizard are tabulated 
in Appendix IL 
Although the gecko testes ratio was at a minimum in 
195. 
August (0.28%) and a maximum in January (0.50%) there was 
only a narrow range of fluctuation and no monthly changes 
were statistically significant. The apparent decrease in 
testes ratio in December was most probably due to the small 
sample collected in that month. 
From December until May all males dissected had sperm 
present throughout the vas deferens but for the remainder 
of the year, that is during hibernation and spring, spermat-
' ozoa were found only at the end of vas deferens. 
b) Seasonal Variation ,z,n Testes Lipid Ratios 
Seasonal cycles in testes lipid expressed as a per-
centage of the total body weight (testes lipid ratio) and 
as a percentage of the testes weight are shown in Fig. 27 
for skinks and geckos. Individual lipid weights and ratios 
for each lizard are tabulated in Appendices III and IV. 
The actual amount of lipid in the skink testes (as 
shown by testes lipid expressed as a percentage of the total 
body weight) increased concomitantly with testes development. 
Lowest lipid levels occurred in June (0.03%) and then 
gradually increased to a midsummer maximum (0.09%) with a 
slight decrease occurring in November. From January until 
June the testes lipid ratio decreased; the greatest monthly 
fall occurred in February (P<0.001). 
However, if the weight of testes lipid is expressed as 
a percentage of the testes weight it is evident that the 
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FIGURE 27 month 
Seasonal variation in skink and gecko testes lipid ratio and in 
testes lipid expressed as a percent of testes weight 
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percentage of lipid in the testes increased to a maximum 
at the end of hibernation (i.e. just before the development 
of spermatids) and then fell during spring and early summer 
as spermatids metamorphosed into spermatozoa. Studies of 
intra-tubular cholesterol-positive lipid and interstitial 
cell cholesterol in Phrynosoma cornutum (Cavazos and Feagans, 
1960) and Hemidactylus flaviviridis (Sanyal and Prasad, 1965) 
also show an inverse relationship between testes lipid and 
spermatogenesis. This suggests that even though the actual 
amount of lipid increases with testes development, most of 
the weight increase must be due to other components because 
at this time the percentage of lipid inthe testes is decreas-
ing. 
Gecko testes contained such low levels of extractable 
lipid that consideration of their testes lipid ratio is in-
accurate and hence renders any interpretation questionable. 
The highest lipid levels occurred in July, October and 
December (0.03%). During the rest of the year, except in 
August which had a lipid ratio of 0.01%, the ratio remained 
at 0.02%. 
Changes in testes lipid expressed as a percentage of 






a) Histology: The outer covering of the testes, the 
tunica albuginea, is made up of several layers of connective 
tissue and a few scattered fibroblasts, and forms a capsule 
around the convoluted seminiferous tubules. The tubules 
of the skink testes are loosely held in the tunica albuginea 
with a few fibroblasts and blood capillaries scattered around 
each tubule. In the gecko testes the seminiferous tubules 
are closely packeG together with groups of interstitial 
cells, fibroblasts and blood capillaries limited to the 
intertubular spaces. 
The tubular elements, which form the germinal epithelium 
are composed of a basement membrane, Sertoli syncytium and 
the seminal elements. Spermatogonia line the basement 
membrane. These give rise to a larger primary spermatocyte, 
which in turn produces two smaller secondary spermatocytes 
by a meiotic division. The nuclei of the secondary 
spermatocytes are concentrated centrally. On division the 
secondary spermatocytes give rise to two smaller cells, the 
spermatids which metamorphose into spermatozoa. Secondary 
spermatocytes and early spermatids are difficult to distin-
guish. 
The Sertoli cell syncytium and nuclei are not a domi-
nant feature of the skink or gecko seminiferous tubules. 




the lumen of the tubule it can never be viewed in compara-
tive isolation because it is always obliterated by the 
seminal elements. Most Sertoli nuclei are triangular 
(4.5 µm to 6 µm along the base and 6 µm high), the base 
lies along the basement membrane. However, some of the 
nuclei appeared to be squashed along the basement membrane 
between spermatogonia, and became rectangular, polyangular 
or ovoid. In the skink two Sertoli nuclei each with a 
definite central nucleolus are often seen side by side or 
less frequently lying one on top of another. The Sertoli 
nuclei of the gecko also have a distinctive central 
nucleolus but are more commonly found singly. 
b) Seasonal Variation in Testicular Histology 
(i) Skink 
Seminiferous Tubules: Seasonal changes in semini-
ferous tubule diameter and epithelial height are shown in 
Fig. 28 and tabulated in Appendix VIII. Measurement of 
bands of particular germ cells was not accurate, as spermat-
ocytes, spermatids and sperm tended to develop in a slightly 
scalloped nature due to the cells association with a par-
ticular Sertoli cell. The seasonal abundance of these 
seminal elements is therefore tabulated (Table 17) showing 
the maximum and minimum rows exhibited in all cross-sections 
studied. 
Tubular diameter and epithelium height were both at a 
(.,um) 
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FIGURE 28 month 
Seasonal variation in skink seminiferous tubules 
epididymis and renal sexual segment. 
d iometer epithelium height 
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TABLE 17: Seasonal Abundance of Seminal Elements in Skink Testes 
Januury February March April May 
Rows of Germ 8-12 6-9 6-9 4-7 6-9 Cells 
Most Advanced Spermatozoa Spermatozoa Spennatozoa Secondary Secondary 
Stage Spermatocyte Spermatocyte 
Most Abundant Spermatid Maturing Maturing Spermatogon1a Secondary 
Stage Spermatid Spennatid & Primary Spermatocyte 
Sperma tocyte 
Rows of 1 1 1 1-2 1-3 
Spermatogonia 
RCY#S of Primary 
S permil tocyte 0-1 - - 2-4 1-3 
R01t1s of Secondary 0-1 - - 1-2 2-5 Spermatocyte 
Rows of Spermatid 4-8 2-6 0-2 - -
Maturing 5-7 4-8 4-8 - -Spermatid 
Spermatozoa 
(present or absent) I I I - -
June July September 
6-9 6-9 6-9 
Secondery Spennatid Spennatid 
Spermatocyte (very few) 
Secondary· Secondary Secondary 
Spermatocyte Spermatocyte Spermato-
& Spermatid cyte 
2-4 1-3 1-3 
1-2 1-2 1-2 
1-4 · 1~3 2-5 































minimum in early April at the end of spermiogenesis but the 
epithelium was by no means quiescent. Proliferation of 
spermatogonia, and spermatocytes took place very rapidly in 
April and May and the lizards entered hibernation with more 
than one row of spermatogonia and several rows of spermat-
ocytes, secondary spermatocytes usually being predominant 
(Fig. 29C). Gradual spermatocytogenesis took place during 
hibernation and on emergence in September secondary spermat-
ocytes were predominantbut a few spermatids had been produced. 
During this time seminiferous tubule diameter remained fair-
ly constant but after emergence in spring this increased 
rapidly. Epithelial height reached a maximum (72.13 µm) 
in early December due to increased spermiogenesis and 
spermatids became the most abundant cell type (Fig. 29A). 
With the increase and release of sperm in January the 
epithelial height decreased and a large lumen was produced 
but the seminiferous tubule diameter continued to increase 
and reached a maximum in early February (245.94 µm). The 
maximum tubule /diameter was therefore reached a month after 
the maximum testes weight and maximum tubule epithelial 
height. With the maturation and release of remaining sperm 
during February and March both the seminiferous tubule dia-
meter and epithelial height decreased (Fig. 29B) to a mini-
mum in April (90.81 µm and 38.59 µm respectively). 
Sertoli Cells: A definite cycle of Sertoli cell 
nucleus size and number was not apparent in the skink, but 
a change in nucleus colour of staining was noted. During 
sununer and autumn from December to May, Sertoli nuclei were 
203. 
FIGURE 29: Skink Seminiferous Tubules 
(A) December, prior to Spermiogenesis (600x) 
Spermatids are the most abundant cell type 
and only a few spermatozoa are present. 
(B) March, Spermiogenesis in Progress (600x) 
The tubule epithelium has decreased in 
height as spermatids metamorphosed into 
spermatozoa. Clumps of spermatozoa are 
present in the lumen. 
(C) May, onset of Recrudescence (600x) 
At least two rows of spermatogonia are 
present and primary and secondary spermato-
cytes fill the rest of the tubule. 
sg = spermatogonia 
ps = primary spermatocyte 
ss = secondary spermatocyte 
st= spermatid 









difficult to distinguish from the seminal elements as they 
stained about the same colour as the spermatogonia. Only 
one or two nuclei per cross-section could be distinguished. 
However, for the rest of the year, from June until November 
the Sertoli nuclei were stained slightly darker than the 
surrounding seminal elements and could be distinguished 
more easily. There were usually six to nine nuclei per 
cross-section and about half the nuclei were paired, either 
side by side or one on top of the other. 
The syncytium was masked by the seminal elements from 
November until April. However, in the May to September 
testes the Sertoli syncytium was apparent as it extended 
into the lumen of the tubules. Whether this appearance of 
syncytium indicated its proliferation or not is unknown as 
during this time the tubules were only about half their 
. . 
maximum size. 
Interstitial Cells: Although the seminiferous tubules 
were loosely packed for most of the year, no interstitial 
cells were identified in the large intertubular spaces which 
contained only blood vessels and a few fibroblasts. 
Interstitial cells were also absent in Sceloporus unduZatus 
(Al tland, 191+1). 
(ii) Gecko 
Seminiferous Tubules: Seasonal variation in semini-
ferous tubule diamter and epithelium height are shown in 
Fig. 30 and tabulated in Appendix VIII. The seasonal 
(.,um) 
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FIGURE 30 month 
Seasonal variations in gecko seminiferous tubules 
epididym1s and renal sex segment 
diameter epithelium height 
l:s----6. seminiferous tubule • • 
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TABLE 18: Seasonal f-lbundance of Seminal Elements 1n Gecko Testes 
January February March April 
Rows of 6-12 5-8 4-7 5-3 Germ Cells 
Most Advanced Spermatozoa Spermatozoa Spermatozoa Spermatozoa 
Stage & Debris & Debris 
Most Abundant Spermatid Maturing Maturing Maturing 
Stage Spermatid Spermatid Spermatid 
& Primary 
Spermatocyte 
Rows of 1-2 1-2 1-2 1-2 Sp,:nna togoni a 
Rows of Primary occasional occasional 0-1 1-3 Spermatccyte 
R~xs of Secondary 0-2 0-2 0-2 0-4 Spern1atocyte 
Rows cf Spennatid 3;.7 2-5 0-2 2-4 
Maturing . 1-4 2-6 4-8 2-4 Spermatid 
Sperm-0tozoa 
(present or absent) I I I I 
May June July 
6-8 6-10 6-8 
Secondary Spermatid Secondary 
Spermatocyte Sperma tocyte 
Secondary Primary & Primary & 
Spermatccyte Secondary Secondary 
Spermatocyte Spermatocyte 
1-2 1-3 1-3 
1-4 1-4 2-4 































abundance of seminal elements are shown in Table 18. 
When tubular diameter was at a minimum in May and June 
after the completion of sperm release, the tubular epithel-
ium was just reaching a maximum (56.96 µm) because this was 
the main period of spermatocytogenesis. When geckos 
entered hibernation spermatocytes were the most abundant 
seminal element (Fig. 31A), and spermatids developed gradually 
during hibernation. After emergence spermiogenesis pro-
ceeded, a few sperm maturing as early as September but the 
majority metamorphosed in November and December. As the 
main period of sperm release began in December, epithelial 
height gradually decreased from December to a minimum in 
March (32.97 µm; Fig. 31B). Tubular diameter, however, 
continued to increase to a maximum in early January 
(192.36 µm) before it too decreased. In April before all 
sperm had been released spermatocytogenesis began and this 
resulted in a temporary increase in tubular diameter. 
Although epithelial height continued to increase in May 
the release of the remaining sperm and reduction in lumen 
size brought the tubular diameter to a minimum in June 
(127.44 µm). 
Sertoli Cells: During the spring and summer when 
spermatids and metamorphosing sperm were predominant, 
Sertoli nuclei were difficult to distinguish. They were 
lightly stained and frequently squashed along the basement 
membrane. From March until August, however, the Sertoli 
nuclei were more distinctive as they were slightly larger, 
usually triangular and darker stained. Only occasionally 
209. 
FIGURE 31: Gecko Seminiferous Tubules 
(A) June, onset of Recrudescence (800x). 
Primary and secondary spermatocytes are 
the most abundant cell type. 
(B) February, Spermiogenesis in Progress (800x) 
Spermatids are metamorphosing into 
spermatozoa. 
sg = spermatogonia 
ps = primary spermatocyte 
ss = secondary sperrnatocyte 
sp = spermatozoa 













were Sertoli nuclei found in pairs. 
The Sertoli syncytium was indistinguishable for most 
of the year but for three months during hibernation, May, 
June and July, it extended into the centre of the tubules, 
and was visible between developing seminal elements. 
Interstitial Cells: The seminiferous tubules of geckos 
were packed very closely together but a few interstitial 
cells were evident, together with blood vessels and fibro-
blasts, in the intertubular spaces. In January and 
February two to four cells were found in each intertubular 
space. At this time the cells were large and had oval 
nuclei. In March the cells retained their size but only 
about one or two were present per intertubular space per 
section. By April and during hibernation the cells were 
less frequently seen and the nuclei were smaller, most being 
I 
irregularly shaped. The precise time of the increase of 
cell size and numbers could not be ascertained due to the 
scarcity of spring and early summer samples. 
B. EPIDIDYMIS 
a ) fi,is to logy: The anterior tip of the epididymis is 
composed of numerous small diametered vasa efferentia. The 
epithelium of the vasa efferentia is composed of ciliated 
cuboid cells, the cilia extend into and fill the central 
lumen. These gradually merge into the larger non-ciliated 




constant throughout its length but can be roughly divided 
into three regions (Fig. 32). The anterior portion, as 
far as the adrenal gland, is made up of loosely packed, 
small diameter ducts with thin epithelium. The large 
middle portion may be four or five ducts wide. These are 
tightly packed, with thicker epithelium and slightly greater 
diameters. The posterior portion shows increasingly great-
er diameter and thinner epithelium as it grades into the 
vas deferens. 
These three regions are not evident in the gecko's 
epididymis which is more constant throughout in length and 
has only three or four ducts at its widest part. 
Connective tissue and blood vessels fill the space 
between ducts in the epididymis. 
b) Seasonal Variation 1.,n EE__ididymal Hi~tology 
( i) Skink: Variations in the diameter and epithelial 
height in the ductus epididymis are shown in Fig. 28 and 
tabulated in Appendix VIII. 
Epididymal diameter and epithelial height were at a 
minimum in November (45.9 µm and 13.22 µm). At this time 
the ducts were loosely packed, and connective tissue filled 
the intertubular spaces. During December and January both 
the epididymal epithelial height and diameter increased 
rapidly and reached a maximum in February (172.69 µm and 
30.31 µm respectively). At the height of development the 
213. 
FIGURE 32: Skink Epididymis (80x) 
The anterior tip of the epididymis is composed 
of vasa efferentia (ve) which grade into the 
small diametered ducts of the epididymis. The 
ducts of the epididymis become larger posteriorly 
and grade into the ductus deferens. 










epithelium was composed of columnar cells each with a basal 
oval nucleus, and secretory material occupied the apical 
third to half of the cell. Each duct was surrounded by two 
to four concentrically arranged rows of muscle fibre. The 
ducts were tightly packed together with only a little inter-
tubular connective tissue but numerous blood vessels. 
Spermatozoa were first evident in the epididymis in January, 
and in February and March the lumina became packed with 
sperm and granular secretion from the epithelial cells. The 
duct diameter decreased rapidly in March and then remained 
fairly constant during hibernation. During this period the 
lumen was still packed with sperm and the epithelium remain-
ed secretory. By September the epithelium had lost its 
secretory nature and most of the lumina were empty. The 
diameter and epithelial height reached a minimum in November 
and the lumen remained empty until December. 
(ii) Gecko: Variations in diameter and epithelium 
height of the ductus epididymis are shown in Fig. 30 and 
tabulated in Appendix VIII. Since the gecko epididymis is 
small, only two to eight ducts were cut per cross-section 
so that the measurements were based on between 20-50 sections. 
(All other measurements were calculated from 100 sections.) 
The epididymal diameter closely followed the seasonal 
variations seen in the seminiferous tubule diameter. It 
reached a maximum (149.13 µm) in January and then decreased 
gradually to a minimum (77.88 µm) in June after which it 
gradually increased again to its January maximum. During 
winter the epididymis was empty but when sperm production 
) 
216. 
began in spring the epididymis gradually filled with sperm 
throughout its length. Ductus sections at the top of the 
epididymis contained only sperm but the epithelial cells 
which became secretory in September gradually added large 
and small irregularly shaped granules to the sperm. For 
the remainder of the year from November to April the whole 
length of the epididymis was packed with sperm and granular 
secretions. 
C. DUCTUS DEFERENS 
a) Histology: As the ductus deferens extends from the 
ductus epididymis to the cloaca it becomes wider in diameter 
and has a thinner epithelium. The cells of the epithelial 
walls are cuboid and each has a large oval basal nucleus. 
b) Seasonal Variation in the Vas Deferens: Measurements of 
vas deferens diameter were not made due to the small number 
of sections present per section. 
In the skink the vas deferens lumen was packed with 
both sperm and granular sections from the epididymis from 
early January until late April while in the gecko sperm 
appeared earlier and the vas deferens was packed from 
November until April. During hibernation both species 
retained spermatozoa and secretions at the extreme ~nd of 
the vas deferens and in the gecko some were still evident 
in spring. In the skink however, the lumen of the vas 
deferens was empty from September until December. 
) 
217. 
Geckos are therefore potential breeders for longer 
periods than the skinks and if the few spermatozoa retained 
at the end of the vas deferens until September and October 
remain viable they could possibly still successfully fer-
tilize eggs at a spring breeding. The main period of 
breeding would however occur in summer and autumn in both 
species. 
D. RENAL SEX SEG/vJENT 
a) Histology: In the skink the pre-terminal segment 
(end portion of the renal tube just before it enters the 
primary collecting duct), collecting ducts and ureters 
become hypertrophied forming the sexual segment. In sec-
tion these pre-terminal segments are found scatterd through-
out the whole kidney while the collecting ducts are con-
centrated medially and ventrally towards the ureter (Fig. 
33A). 
In the gecko, however, the pre-terminal segments do not 
hypertrophy and only the collecting ducts and ureter form 
the sexual segment, which is therefore limited to the inner 
margins of the ventral side (Fig. 33B). 
The cells of the sexual segment tubules are columnar and 
contain an oval basal nucleus. The inner two-thirds of the 
cytoplasm is packed with a large number of capsulated 
granules. These cells display seasonal apocrine secretion. 
The secretion has been considered to have the same function 
as the seminal fluid of mammals (Cuellar et al,, 1972). 
218. 
FIGURE 33: Renal Sex Segment 
(A) Skink Kidney (February, 80x) 
The hypertrophied pre~terminal segment (pts) 
are scattered throughout the kidney while 
the collecting ducts (cd) which contain 
secretion are found along the inner margins. 
(B) Gecko Kidney (January, 80x) 
Only the collecting ducts (cd) of the gecko 
kidney hypertrophy to form the renal sex seg-
ment. They are located on the inner margins 
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b) Seasonal Variation in the Renal Sex Segment 
( i) Skink: Seasonal variations in the diameter and 
epithelium height of the sexual segment ducts are shown 
in Fig. 28 and tabulated in Appendix VIII. 
Sexual segment diameter was at a minimum in December 
(37.44 µm) and could only be distinguished from the rest of 
the renal components by its envelope of connective tissue. 
The diameter of the ducts increased rapidly in January to 
a maximum in February (103.94 µm). During this time the 
cells of the epithelium had increased to a maximum ( 3 5. 66 µm) 
and the apical cytoplasm was filled with capsulated granules. 
From February until June the sexual segment remained hyper-
trophied, apocrine secretion began in some pre-terminal 
segment cells in February and con~inued in the collecting 
ducts until June. During this period of secretion, the 
lumen was filled with granules and non-granular secretions. 
During hibernation the apical portions of the epithelial 
cells atrophied and the cells became cuboid. They remained 
regressed until December when the epithelium began to develop 
again. 
(ii) Gecko: Seasonal variations in the diameter and 
epithelial height of the renal sex segment ducts are shown 
in Fig. 30 and tabulated in Appendix VIII. 
The diameter of the sex segment was at a minimum in 
June (76.06 µm) when the cells of the epithelium were nearly 
devoid of granules and in some cases the apical cell walls 





height remained low during hibernation but by September the 
cells were beginning to accumulate granules. From Septem-
ber until December both the diameter and epithelial height 
increased rapidly and reached a maximum (140.47 µm and 
50.84 µm) in early January. During January apocrine 
secretion began and the lumen of the ducts was packed with 
granular and non-granular secretion. This secretion con-
tinued until May, the more anterior ducts becoming devoid 
of,secretion before the posterior ones. By June both the 
diameter and epithelial height had decreased to a minimum. 
E. PRE-ANAL GLANDS (Gecko) 
a) Histology: Each preanal gland is composed of a long 
narrow sac which extends anteriorly from the pore which 
opens via a raised cone onto an epidermal scale (Fig. 34B). 
Dermal connective tissue envelops the gland and may form very 
small partitions at the inner end of the gland. The 
germinal epithelium of the gland is composed of cuboid 
cells; each has a large oval nucleus which occupies most 
of the cell. This germinal epithelium is an extension of 
the epidermal stratum germinativum and gives rise to layers 
of stratified squamous epithelium. At the innermost end 
of the gland these proliferated cells pass into the lumen 
and differentiate as they move towards the pore. Large 
granules develop in each cell, differentiating at the poste-
rior end first and then gradually developing anteriorly 
obliterating the nucleus. As these cells pass towards the 
222. 
FIGURE 34: Gecko Preanal Glands 
(A) Ventral Surface of £ecko Cloacal Region -
showing the area with waxy cones and the area 
which becomes coloured in the breeding season. 
(B) Longitudinal Section of Preanal Gland (160x) 
The preanal gland is composed of a long sac 
which opens as a raised cone on an epidermal 
scale (es). 
opg = opening of preanal gland 
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pore they become highly pigmented and form a secretion plug 
which protrudes from the top of the cone. In the protrud-
ing secretion plug cell walls are not visible, the secretion 
is made up entirely of closely packed large orange granules. 
b) Seasonal Variation in the Preanal Glands: The preanal 
glands became pigmented and developed secretion during the 
breeding season. 
From July until October the epidermis anterior to the 
preanal glands was the same colour as the rest of the body 
epidermis. In November and December the area became 
slightly yellowish as the cells in the lumen of the glands 
developed large granules. Only the cells around the plug 
were fully developed at this time. The preanal area be-
came bright orange when the glands were highly developed 
and filled with large orange granules. Some geckos reach-
ed this stage by January but most reached the height of 
development in March. From April until June the colour 
of the preanal area gradually faded from orange to yellow 
(except in one June specimen which had a bright orange. 
patch) and histologically the cells of the gland began de-
composing. By July the top third of the gland was almost 
empty of secretion and the innermost portion was not pig-
mented. 
As suggested by Cole (1966) these glands with their 
sticky waxy secretion may prevent the thighs and cloaca from 
slipping apart du~ing copulation but the secretion may also 
have some pheromone like function during the breeding season. 
), 
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E, TAIL AND CARCASS 
1. Seasonal Cycles 
a) Seasonal Variation in Tai Z and Carcass Lip1:d Ratios 
Tail: Two areas of fatty tissue, one beneath the 
dermis and the other in a circumskeletal position are present 
in the lizard tail, 
Seasonal fluctuations in the mean tail lipid ratios 
are shown in Fig. 35 for skinks and geckos, while individual 
weights and ratios of lipid extracted from each tail are 
tabulated in Appendices III and IV respectively. 
Skink and gecko male tail lipid ratios showed similar 
seasonal fluctuations. They both reached maximum levels in 
January (3.92% in the skink and 2.37% in the gecko) then 
fell abruptly in the following two months in the skink and 
following three months in the gecko. Although there was 
a slight increase in lipid ratio during April in the gecko, 
the levels in both species gradually decreased during 
hibernation to a minimum in September. From the September 
minimum (0.96% in skinks and 0.48% in geckos) tail lipid 
ratio gradually increased to the summer maximum, the in-
creases in the skink tail lipid ratio were statistically 
significant during November and December (P<0.05 and 
P<0.01 respectively). 
Tail lipid ratios in female skinks and geckos also 
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Seasonal variations in skink and gecko tail I ipid ratio 
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a peak in January. The fluctuations during the rest of 
the year differed between the species and from those seen 
in the males. In the female skink tail lipid levels de-
creased slightly in January and February and then increased 
significantly during March (P<0.05) to an early April maxi-
mum. This was followed by a gradual decrease in tail lipid 
during hibernation and a significant fall (P<0.05) in August 
brought levels to a minimum in September (1.01%). In the 
female gecko a slight decrease in the tail lipid ratio in 
January was followed by an increase to maximum levels in 
March (2.75%). From March until August tail lipid ratios 
decreased gradually (being interrupted only once by a slight 
peak in May) and reached a minimum in September (0.48%). 
Although in skinks the male tail lipid ratios showed 
a greater range of fluctuation than female tail lipid ratios, 
male tail lipid ratios were greater than female ones only 
in January (P<0.05). From April until July female tail 
lipid ratios were significantly greater than those of males 
(at least at the P<0.05 level in all cases). Female gecko 
tail lipid ratios were greater than male ratios throughout 
most of the year. 
Carcass: Seasonal variations in the mean carcass lipid 
ratio are shown in Fig. 36 for skinks and geckos and 
individual weights and ratios of lipid extracted from each 
lizard carcass are tabulated in Appendices III and IV. 
Female geckos and skinks showed fairly similar fluctua-
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reached a maximum in March (2.46% in skinks and 4.46% in 
geckos) and a minimum in September (1.51% in skinks and 
2.35% in geckos). In the female skink the carcass lipid 
ratio remained fairly constant from March until August and 
then decreased significantly during August (P<0.01), where-
as the carcass lipid ratios in gecko females gradually 
decreased over this period. From the September minimum 
both skink and gecko carcass lipid ratios increased to a 
March maximum, the skink showed slight peaks in October 
and January while the gecko showed slight peaks in November 
and January. In female geckos the increase during December 
was statistically significant (P<0,002) while in female 
skinks the increase in February was significant (P<0.01). 
Male skink and gecko carcass lipid ratios both reached 
a maximum in January (2.88% in the skink and 4.09% in the 
gecko) and showed a spring minimum, but had slightly dif-
ferent fluctuations between these times. Skink male carcass 
lipid levels dropped in January and apart from a slight 
peak in April remained fairly constant until early August. 
An August decrease brought the ratio to its low spring level 
(1.85%) where it remained until it increased in December. 
In geckos there was a gradual decrease in lipid ratio from 
January to a low in April, followed by a slight increase to 
hibernation levels. An August and September decrease 
brought the lipid ratio to a minimum in October (2.07%) 
which then remained constant until an abrupt increase in 
December. 
Carcass lipid ratios in female and male geckos 
. {
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fluctuated between similar levels, those in females being 
significantly higher (P<0.05) than males only in April and 
November. In male and female skinks carcass lipid ratios 
fluctuated through almost identical ranges but ratios were 
lower than those for geckos and showed much smaller fluctua-
tions. 
2. Lipid Analysis 
a) Thin Layer Chromatogr<!.£hY 
Table 19 and 20 show the composition of tail and 
carcass lipid as determined by thin layer chromatography in 
the four months studied. The mean weight of each lipid 
fraction in skink and gecko tail and carcass fat is shown 
in Fig. 37 and Fig. 38 and tabulated in Appendices VI. 
These weights were calculated according to the method out-
lined in fat body lipid analysis. 
Tail 
(i) Skink: In midsummer triglycerides accounted for 
93% of skink tail lipid, but from January until May these 
triglycerides decreased while phospholipids increased. 
This suggests that the triglycerides were utilized while 
phospholipids from dietary sources were preferentially 
accumulated. 
In the first months of hibernation, phospholipids and 
to a lesser extent cholesterol and non-esterified fatty acids 
231. 
TABLE 19: Composition of Lizard Tail Lipid 
Month; PL Ch NEFA TG CE TLS % Recovery 
Nos. (mg) 
. * Lizards 
SK.INK 
JANUARY Weight of lipid 0.7 0.7 0.3 24.9 43.7 61.10 
-'i- component (mg) 
39 So Conrponent as 3 3 1 93 
% total Upid 
MAY Weight of lipid 6.0 1.3 1.6 5.9 0.4 22.4 67.86 
79 9o 
component (mg) 
Conrponent as 39 9 10 39 3 
% total Upid 
JULY Weight of lipid 6.0 2.3 1.5 23.7 0.2 35.6 94.66 
99 10 
component (mg) 
Conrponent as 18 7 4 70 1 
% total Upid 
SEPT. Weight of lipid 3.2 1.3 0.3 2.6 12.5 59.20 
''l component (mg) 
39 So Conrponent as 43 18 4 35 
% total Upid 
GECKO 
JANUARY Weight of lipid 3.0 2.5 0.1 13.7 0.3 27.0 72.59 
49 3o 
component (mg) 
Conrponent as 15 12 1 70 2 
% total Upid 
MAY Weight of lipid 0.6 1. 7 0.2 5.8 0.4 19.2 45.31 
·i 79 8d 
component (mg) 
Conrponent as 7 19 2 67 5 
• % total Upid 
JULY Weight of lipid 4.9 2.0 1.5 7.6 0.2 15.8 102.53 
89 7d 
component (mg) 
Conrponent as 30 13 9 47 1 
% total Upid 
SEPT. Weight of lipid 1.3 1.0 0.2 7.0 10.8. 87 .96 
39 4d 
component (mg) 
Component as 14 10 2 74 
% total Upid 
PL = Phospholipids Ch = Cholesterol NEFA = Non-esterified fatty acids 
TG = Triglycerides CE = Cholesterol Esters TLS = Total lipid spotted 
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2 33. 
decreased and triglyceride levels increased. In the last 
months of hibernation another decrease in triglycerides ac-
counted for the drop futotal lipid to a low level, but there 
was a slight increase in phospholipid levels in the male. 
(ii) Gecko: The gecko tail contained maximum levels of 
extractable lipid in summer, a very high proportion of which 
was triglyceride (7 0 % ) • From midsummer until May almost 
half the tail fat was lost, this being accounted for by 
decreases in triglycerides and to a lesser extent in phospho-
lipids. 
The decrease in tail lipid in the first two months of 
hibernation was accounted for mainly by a decrease in tri-
glycerides and to a lesser extent by a slight decrease in 
cholesterol, while phospholipids increased slightly. In 
the last months of hibernation little lipid was lost, but 
phospholipids decreased and triglycerides increased slightly. 
Carcass 
Ci) Skink: Phospholipids account for the maJor propor-
tion of skink carcass fat and since the carcass lipid did 
not fluctuate greatly during the year this would suggest 
that most of the lipid was of the structural type and could 
not readily be mobilized to meet metabolic needs. 
From January until May phospholipid was deposited in 
the female carcass but in the male triglycerides were utilized. 
During the first months of hibernation phospholipids were 
234. 
TABLE 20: Composition of Lizard Carcass Lipid 




JANUARY Weight of lipid 6.8 2.6 1.6 3.8 0.5 
39 so component (mg) Component as 44 1? 11 25 3 
% total "lipid 
MAY Weight of lipid 8.6 2.8 0.9 2.6 0.6 22.3 69.51 
79 90 
component (mg) 
Component as 55 18 6 1? 4 
% total "lipid 
JULY Weight of lipid 11.6 5.3 1.4 9.5 o.s 34.8 78.45 
99 70 
component (mg) 
Component as 41 19 5 33 2 
% total Urid 
SEPT. Weight of lipid 8.6 2.0 0.2 1. 7 12.5 145.34 
39 so component (mg) -1 Corrponen t as 69 16 2 13 
% total "lipid 
GECKO 




Component as 14 8 6 70 2 
% total "lipid 
MAY Weight of lipid 6.6 4.0 1.4 5.5 0.1 32.5 54.15 
79 80 component 
(mg) 
I Component as 3? 23 8 31 1 
% total "lipid 
JULY Weight of lipid 23.2 10.0 4.0 41.2 0.6 88.5 85.08 
> 89 70 component (mg) Component as 31 10 4 54 1 
% total "lipid 
SEPT. Weight of lipid 5.7 0.7 1.1 13.6 0.5 33.4 64.67 
49 4d component (mg) Component as 2? 3 5 63 2 
% total "lipid 
PL = Phospholipids Ch == Cholesterol NEFA = Non-esterified fatty acid 
TG = Triglycerides CE = Cholesterol Esters TLS = Total lipid spotted 
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utilized in both male and female fat while triglycerides 
increased. In the last months of hibernation triglycerides 
were utilized and in males phospholipid rose again. 
(ii) Gecko: The gecko carcass contained more lipid than 
that of the skinks and in summer most of this was tri-
glyceride (70%). Before hibernation triglyceride~ decreas-
ed to low levels while there was a slight increase in 
phospholipids and cholesterol. 
In the first months of hibernation the continued de-
crease in total lipid was accounted for mainly by losses in 
phospholipids and cholesterol while triglycerides increased 
slightly. In the last months of hibernation all fractions 
remained fairly constant, phospholipids and cholesterol show-
ing only slight falls while the level of triglycerides in-
creased slightly. 
b) Gas-Liquid Chromatography 
Tables 21-24 show the fatty acid pattern of phospho-
lipids, non-esterified fatty acids (NEFA) and triglycerides 
in skink and gecko tail and carcass. 
Although in most fractions oleic acid (18:1) was the 
first and palmitic acid (16:0) the second most abundant 
fatty acid, this order was reversed in skink tail phospholipids 
and NEFA in July, in skink carcass phospholipids and NEFA in 




Unsaturated fatty acids were present in greater propor-
tions than saturated acids in all fractions except gecko 
carcass phospholipid and NEFA in July, skink tail phospho-
lipid and NEFA in July and skink carcass phospholipid in 
September. 
(i) Skink: There was little change in the proportion 
of saturated to unsaturated acid in tail triglycerides from 
Ja~uary to May, but in tail phospholipids there was an in-
crease in the percentage of oleic (18:1) and palmitoleic 
(16:1) acids at this time. 
In the first months of hibernation when phospholipids 
decreased there appeared to be a decrease in the percentage 
of 18:1 in the tail and carcass, while in triglycerides 
there was an increase in the percentage of palmitic acid 
(16:0). 
In the last months of hibernation when triglycerides 
were reduced to a minimum the fatty acid pattern in the tail 
showed a decrease in the percentage of 18:1. During this 
time the proportion of saturated acid decreased in the tail 
phospholipid and increased in carcass phospholipid. 
(ii) Gecko: In the gecko tail and carcass when 
glycerides decreased from January to May there was a decrease 
in saturated fatty acids. Phospholipids increased at this 
time in the carcass and decreased in the tail, but there was 
little change in their fatty acid profiles. 
., 
) 
TABLE 21: Fatty Acid Composition of Skink Tail Phospholipids, 
Non-esterified Fatty Acids and Triglycerides 
2 38. 
Fatty Acid January May July September 
Phosp_holip_ids 
Myristic 14:0 1.56 2.26 1.65 2.22 
Palmitic 16:0 32.84 22.27 42.35 22.99 
Palmitoleic 16:1 5.39 10.40 3.08 6.14 
Stearic 18:0 9.41 7.43 19 .49 9.78 
Oleic 18:l 33.33 47.29 22.56 45.34 
Linoleic 18:2 16.47 5.45 2.00 3.30 
Linolenic 18:3 0.78 0.25 0.66 3.92 
Arachidic 20:0 0.35 3.85 2.02 
Others 0.18 4.25 4.32 4.23 
Saturated:Unsaturated 44:56 33:67 68:32 38:62 
Non-esterified Fatt~ Acids 
* 
Myristic 14:0 1.06 2.98 4.83 1.96 
Palmitic 16 :0 17.04 23.20 42.33 20.22 
Palmitoleic 16:1 6. 71 9.28 3 .13 5.97 
Stearic 18:0 7.99 7.73 15 .09 6.50 
Oleic 18:1 35.15 51.04 23.12 55.10 
Linoleic 18:2 20.02 5.74 0.17 2.80 
Linolenic 18:3 6.39 2.14 
Arachidic 20:0 5.22 4.80 
Others 0.02 4.33 7.41 
Saturated:Unsaturated 32:68 34:66 69:31 30:70 
Trig.lfLCerides 
Myristic 14:0 1.28 2.53 3.45 2.00 
Palmitic 16 :0 20.24 16. 83 28. 39 22.00 
Palmitoleic 16:1 7.14 12.14 5.95 7.52 
Stearic 18:0 · 2.11 5.44 4. 71 4.55 
Oleic 18:1 43.68 50.91 49.98 59.80 
Linoleic 18:2 15.23 7.88 2.91 
Linolenic 18 :3 9.02 1.17 0.39 
Arachidic 20:0 6.27 0.52 1.15 
Others 0.97 2.52 5.94 1.16 
Saturated:Unsaturated 24:76 26:74 40:60 29 :71 




TABLE 22: Fatty Acid Composition of Skink Carcass Phospholipids, 
Non-esterified Fatty Acid and Triglycerides 
Fatty Acid January May July September 
Phose_holie_ids 
Myristic 14:0 1.34 0.80 0.55 2 .12 
Palmitic 16:0 27.87 24.45 24.20 42.49 
Palmitoleic 16:1 5.89 3.92 3.83 5.66 
Stearic 18:0 16.11 13.44 14.89 18.21 
Oleic 18:l 28.89 36.01 26.88 26.30 
Linoleic 18:2 14.59 12.94 22.25 3.33 
'Linolenic 18:3 1.68 2 .11 3 .16 
Arachidic 20:0 1.62 2.07 2.22 
Others 1.95 4.20 1.97 1.83 
Saturated:Unsaturated 47:53 41:59 42:58 63:37 
Non-es teri [ied Fatty_ Acids 
Myristic 14:0 0.99 1.85 3.34 3.37 
Palmitic 16:0 24.78 24.66 24.21 28.17 
Palmitoleic 16:1 7.15 7.78 11.60 14.44 
Stearic 18:0 13.78 11.21 7.40 16.37 
Oleic 18:1 41.35 35.90 37.88 21.67 
Linoleic 18:2 11.92 15. 82 3.62 7.70 
Linolenic 18:3 1.39 2.44 
Arachidic 20:0 2.38 
Others 1. 35 7.07 8.22 
Saturated:Unsaturated 40:60 39i61 39:61 50:50 
'!!ifllycerides 
Myristic 14:0 2.30 1.92 2.86 2.14 
Palmitic 16:0 16.55 18. 46 23.38 23.59 
Palmitoleic 16:1 10.94 9.26 6.01 13.11 
Stearic 18:0 5.02 5.13 7.44 10.72 
Oleic 18:l 42.64 50.08 48.19 37.18 
Linoleic 18:2 14.42 10.66 7.75 3.57 
Linolenic 18:3 5.66 1.91 1. 71 
Arachidic 20:0 
Others 2.40 2.54 2.60 9.64 
Saturated:Unsaturated 24:76 26:74 35:65 39:61 
~· 
-( 
TABLE 23: Fatty Acid Composition of Gecko Tail Phospholipids, 
Non-esterified Fatty Acids and Triglycerides 
240. 
Fatty Acid January May July Sept.ember 
Photrr:.ho Zirids 
Myristic 14:0 3.56 1.60 4.64 1.61 
Palmitic 16:0 26.14 28,,83 22.98 33.61 
Palmitoleic 16:1 7.80 6.29 5 .12 0.94 
Stearic 18:0 4.68 7.43 5.51 8.08 
Oleic 18:1 36.78 37.92 45.02 32.35 
Linoleic 18:2 5.29 15.52 20.13 
'Linolenic 18:3 2.82 3.23 
Arachidic 20:0 4.90 
Others 15.70 2.32 8.97 
Saturated:Unsaturated 38:62 38:62 39:61 43:57 
Non-esterified Fattli Acids 
* * Myristic 14:0 5.12 1.97 4.28 3.05 
Palmitic 16:0 24.79 23.80 26.64 24.65 
Palmitoleic 16:1 10.43 7.88 14.27 4.86 
Stearic 18:0 11.18 7.88 11.98 7.34 
Oleic 18:1 33.55 36 .12 23.97 48.06 
Linoleic 18:2 4.19 13.79 13.70 8.58 
Linolenic 18:3 
Arachidic 20:0 8.53 
Others 10. 71 5.13 3.43 
Saturated:Unsaturated 41:59 42:58 48:52 35:65 
Trig_ly_cerides 
Myristic 14:0 3.04 1.41 2.07 1.16 
Palmitic 16:0 17.71 19.51 25.07 19 .40 
Palmitoleic 16:1 11.27 13.21 4.85 5.74 
Stearic 18:0 6.16 2.67 4.76 4.33 
Oleic 18:1 44.68 39.67 56.05 54 .19 
Linoleic 18:2 7.16 14.23 8.56 
Linolenic 18:3 2,59 4.35 2.36 
Arachidic 20:0 1.43 2.76 1. 71 3.46 
Others 5.90 2.14 5.44 0.75 
Saturated:Unsaturated 30:70 27:73 35:65 28:72 
* very small samples 
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TABLE 24: Fatty Acid Composition of Gecko Carcass Phospholipids, 
Non-esterified Fatty Acids and Triglycerides 
Fatty Acid January May July September 
Phos-e..hoZie.ids 
Myristic 14:0 1.39 0.78 0.56 1.48 
Palmitic 16:0 30.68 30.15 45.42 27.19 
Palrnitoleic 16:1 6.03 4.56 2.62 5.57 
Stearic 18:0 12 .57 15.29 15.87 8.42 
Oleic 18:l 35.57 37.32 22.89 37.59 
Linoleic 18:2 9.11 11.01 5.91 7. 72 
Linolenic 18:3 1.27 1.50 5.34 
Arachidic 20:0 2.16 3.37 4.21 
Others 1.16 0.83 1. 79 2.43 
Saturated:Unsaturated 47:53 46:54 66:34 41:59 
Non-esteri[ied Fattli Acids 
Myristic 14:0 2.02 1.49 3.26 1.19 
Palmitic 16:0 20.70 20.42 42.41 22.58 
Palrnitoleic 16 :1 8.49 7.81 1. 84 6.07 
Stearic 18:0 9.02 7.95 13 .13 10.48 
Oleic 18:l 45.94 49.19 18.97 50.48 
Linoleic 18:2 11.92 6.73 0.38 8.67 
Linolenic 18:3 1. 74 6.22 
Arachidic 20:0 2.32 8.45 
Others 1.86 2.28 5.33 0.50 
Saturated:Unsaturated 32:68 33:67 68:32 34:66 
T1•igZycerides 
Myristic 14:0 1.54 0.41 2.34 1.31 
Palmitic 16:0 20.80 17.37 23.10 20.74 
Palrnitoleic 16 :l 9.83 7. 77 9.63 8.29 
Stearic 18:0 6.49 4.84 15.86 3 .13 
Oleic 18:l 47.30 59.87 39.86 55.75 
Linoleic 18:2 6.86 6.60 1.31 6.39 
Linolenic 18:3 3.56 1.46 0.52 1.56 
Arachidic 20:0 1. 74 1.32 2.83 2.01 
Others 1.80 0.30 4.54 0.76 
Saturated:Unsaturated 31:69 24:76 45:55 27:73 
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When the tail triglyceride levels dropped in the first 
two months of hibernation the percentage of linoleic (18:2) 
and linolenic (18:3) acids also decreased while the drop in 
phospholipids in the last two months was accounted for by 
a decrease in 18:1 and 16:1. 
In the carcass triglycerides increased throughout 
hibernation,this being accounted for by increases in the 
percentage of 16:0 and 18:0 from May to July and in the 
percentage of 18:1 from July to September. However during 
this time when phospholipids decreased there was a decrease 
in the percentage of 18:1 from May to July and a decrease 
in the percentage of 16:0 from July to September. 
3. Histochemistry 
Gecko leg and tail muscle tissue samples were larger 
than skink tissue samples and much easier to work with. 
Since the skink sandwich blocks were very small,only a 
limited number of good sections could be cut and hence the 
range of enzymes demonstrated was more limited. The smal-
ler number of duplicated results make the skink work less 
reliable than the gecko work. 
A comparison of histochemical enzyme activity in summer 
and winter is tabulated in Table 25 for both gecko and skink 
muscle. In all cases the activity in control tissues was 
similar to other experimental tissues showing that six months 
deep freezing at -20°C did not alter the enzyme activity of 
the tissue in question. 
-( 
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TABLE 25: Relative Activity of Muscle Enzyme in Hibernating and 
Summer .Lizards 
Lizard S.D. p PAS B-HD E ATPase 
HIND LEG 
MUSCLE 
Gecko A = y 1· 
B + + t -} 
C + + t t t 
Control 
D + + t + t t 
Skink 1 t + 
2 + 1· 
TAIL MUSCLE 
Gecko A + + t 
B + ';' + t t 
C + + t 
Skink 1 + = t + t 
Control t 
2 + 
KEY: t Enzyme activity greater in hibernating tissue 
+ Enzyme activity greater in summer tissue 
Note: 
Dotted arrow indicates a slight difference between enzyme 
activity 
= Enzyme activity similar in hibernating and summer tissue 
S.D. = succinic dehydrogenase; p = phosphorylase 
B-HD = Beta-hydroxybutryic dehydroxenase;E = esterase 
ATPase = adenosine triphosphatase; PAS = periodic acid-
Schiff 
The control was made up of fresh tissue from hibernating animals 
and frozen tissue from summer animals whereas all other "sandwich 
blocks" were made up of fresh tissue from summer animals and 






In muscle tissue the intensity of succinic dehydro-
genase activity enabled three types of fibre to be distin-
guished. The majority of the leg and tail muscle was com-
posed of fibres which showed low succinic dehydrogenase 
activity. However, in both muscle tissues there were areas 
which contained fibres with high succinic dehydrogenase 
activity as well as fibres which showed moderate activity 
(Fig. 39A). These three types of fibre have also been 
identified in Ewneces Zatiscutatwn and Gecko japonicus where 
Ogata and Mori (1964) referred to them as white, red and 
medium fibres respectively. Succinic dehydrogenase 
activity was also evident in the circum-skeletal fatty 
tissue of the tail. Although all muscle tissue showed a 
decrease in succinic dehydrogenase activity during hiberna-
tion a small number of red fibres retained moderately high 
activity during winter but this was not as high as that seen 
in red fibres in summer. This suggested that the citric 
~cid cycle was inhibited in winter even though limited 
activity was still evident in red fibres. 
Beta-hydroxybutyric dehydrogenase activity was stronger 
in red fibres than in the rest of the muscle tissue, but 
activity was reduced during winter. In the hibernating tail 
tissue activity of beta-hydroxybutyric dehydrogenase was 
higher in the fatty tissue than in the fibres. 
Phosphorylase activity in active tissue was restricted 
to white and medium fibres in both skinks and geckos (Fig. 
39B). However in winter tissue phosphorylase activity as 
revealed by blue-black staining was absent so it would 
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FIGURE 39: 
(A) Succinic Dehydrogenase Activity in Active 
Skink Leg Muscle. 
Three types of fibre can be distinguished 
on the basis of succinic dehydrogenase 
activity. White fibres display low succinic 
dehydrogenase activity, red fibres display 
high activity (blue to blue black areas) and 
medium fibres display intermediate activity 
(pink areas). 
(B) Phosphorylase Activity in Active Skink Leg 
Muscle. 
Phosphorylase activity is restricted to white 











appear that glycogenolysis does not take place during 
hibernation. Phosphorylase activity is also reduced durin~ 
hibernation in bats (Leonard and Wimsatt, 1959) and in the 
arctic ground squirrel (Hannon and Vaughan, 1961). Nayler 
(1968) found that in the toad the percentage of phosphorylase 
enzyme present in the active form (phosphorylase a) was low-
est in winter. It would appear therefore that during 
hibernation skeletal muscle phosphorylase activity is low 
or absent and the net glycogen store would therefore depend 
on the extent of glycogenesis. 
In midwinter, glycogen deposits (demonstrated by PAS 
staining) are greater than in midsummer in both gecko and 
skink leg muscle and in skink tail muscle. A similar rise 
in muscle glycogen during winter hibernation has been noted 
in Varanus greseus (Haggag et al., 19 66) and in the arctic 
ground squirrel (Hannon and Vaughan, 1961). But in gecko 
tail muscle glycogen stores are lower during hibernation 
than in midsummer. This also appears to be the case in 
ground squirrels (Zimny and Tyrone, 1957; Zimny, 1960) and 
in bats (Leonard and Wimsatt, 1959). The state of glycogen 
stores during hibernation therefore appears to vary from 
tissue to tissue and species to species. 
Esterase activity was higher in red fibres than in 
medium and white fibres and was increased in all muscle 
during hibernation (Fig. 40A). Since phosphorylase activity 
was absent in winter muscle it would appear that fatty acid 




(A) Esterase Activity in Hibernating and Active 
Gecko Leg Muscle. 
The hibernating muscle (H) displays higher 
esterase activity than the active muscle (A). 
(B) Adenosine Triphosphatase Activity in Hibernat-
ing and Active Gecko Leg Muscle. 
The hibernating muscle CH) displays higher 
adenosine triphosphatase activity than the 









Adenosine triphosphatase activity was slightly higher 
in red fibres than medium and white fibres and activity was 
slightly increased in all hibernating muscle (Fig. 40B). 
A similar situation is seen in ground squirrels (Zimny, 
1960; 1964). It appears that ATPase is maintained during 
hibernation so that on awaking or emergence a quick massive 
breakdown of ATP supplies energy for muscular contraction. 
F. TOTAL BODY LIPID 
a) Distribution of Lipid in the Skink and Gecko 
Fig. 41 and Fig. 42 show the manner in which the lipid 
is distributed in the skink and gecko bodies throughout the 
year. These graphs were compiled by adding together the 
monthly mean lipid weights from each organ (Appendices III & IV). 
Ci) Skink: In skinks the tail and fat body lipid show 
the greatest fluctuations which suggests that these organs 
are the most important depots for lipid storage. In males 
the tail depot stores more lipid than the fat body but in 
females both these organs store similar amounts of lipid. 
Carcass lipid in both the male and female skinks shows little 
fluctuation throughout the year and therefore cannot be con-
sidered as an important fat storage depot. Since liver 
lipid accounts for only a small amount of the total lipid 
and shows no great seasonal fluctuations when compared to 
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a depot organ. 
(ii) Gecko: The distribution of lipid in the gecko 
contrasts with that displayed in the skinks. In the gecko 
the carcass and tail show the greatest fluctuations which 
suggests that they act as the main depots for storage of 
lipid. The fat body contains little lipid but does become 
depleted during the breeding season and hibernation and so 
acts as only a minor lipid depot. As was the case in the 
skink, the liver shows only slight fluctuations in lipid and 
so cannot be considered as a depot organ. Fully developed 
gecko ovarian eggs are very fatty and account for a much 
greater percentage of the total lipid than do fully developed 
skink ovarian eggs. 
b) Lipid Components of Total, Body Lipid 
The results from thin layer chromatographic analysis 
of individual organs have been added together and Fig. 43 
shows the total triglycerides,phospholipids, cholesterols 
and non-esterified fatty acids in the whole body (sum of 
each fraction in carcass, liver, fat body and tail) omitt-
ing gonad lipid. The figures of total skink lipid in May 
do not include results for skink liver lipid which was not 
analysed in that month, but since liver lipid accounts for 
less than 5% of the total lipid they would not alter the 
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Ci) Skink: The most unusual feature of these results 
are the high level of phospholipid present in skink lipid. 
Although from January to May both sexes appeared to utilize 
stores of triglycerides there was an active storage of 
phospholipids (especially in female fat bodies) which 
presumably took place just before hibernation as indicated 
by cycles of fat body and tail lipid. 
During hibernation the lizards were not fed so any 
changes in individual lipid fractions must have resulted 
from mobilization from one site to another or from oxidation 
or synthesis of the fraction in question. In the first 
two months of hibernation there was a large decrease in 
skink phospholipids, all organs contributing to this loss. 
Since this decrease more than accounts for that biing 
deposited in the ovary, phospholipids were most probably 
being oxidized to meet energy requirements at this time. 
A concomitant increase in triglyceride over the first 
two months of hibernation must have arisen from synthesis 
during this period as the lizards were not fed. Although 
some of this triglyceride was most probably synthesised 
from carbohydrate sources (liver glycogen decreased) it is 
tempting to suggest, since there was an apparent inverse 
relationship between triglycerides and phospholipids, that 
perhaps some of the intermediate metabolites, especially 
some fatty acids incorporated in triglycerides may arise 
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Cholesterol levels also fell in the first two months 
of hibernation and since cholesterol in eggs did not in-
crease at this time the decrease in total cholesterol must 
be accounted for by its oxidation . 
The fall of triglycerides in the last months of hiberna-
tion suggests that this fraction is used to meet energy needs. 
(ii) Gecko: Both male and female geckos utilize large 
' 
amounts of their storage lipid during late summer. This 
suggests that these lizards cannot keep up with the energy 
demands during the breeding period and since triglyceride 
was the only lipid fraction which decreased at this time 
it must have been used to meet the energy needs during the 
breeding season. 
Both phospholipid and cholesterol increased from 
January to May and although this increase was most probably 
due to preferental storage from dietary intake it might in 
the case of ch~lesterol indicate that only partial oxida-
tion of triglyceride was taking place resulting in a build 
up of acetate which acts as a precursor for cholesterol 
synthesis. 
During hibernation phospholipid and cholesterol were 
the main fractions utilized. Whether the fall in phospho-
lipids represented utilization of storage phospholipid 
could not be verified. It could represent the mobiliza-
tion of phospholipid to eggs as by the end of September 
gecko eggs contained about as much phospholipid as was 
- 1 , 
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lost from the body during hibernation. But since May egg 
phospholipid values were unavailable it was not known if 
the phospholipid was deposited in the yolk before or during 
hibernation. Therefore it cannot be ascertained if 
phospholipid lost during hibernation was mobilized to eggs 
or whether it was oxidized to meet energy needs. The 
loss in cholesterol during hibernation is most probably due 






C H A P T E R 4 
DISCUSSION 
Temperate zone lizards display seasonal changes in the 
development of their reproductive organs which in turn re-
sult in seasonally changing energy requirements. Since 
in southern areas food is not abund~nt throughout the year, 
energy must be stored to meet these changing energy require-
ments. Because lipid is the main form in which energy is 
stored in vertebrates, the state of lipid stores was studied 
throughout the year in LeioZopisma zeZandica and HopZodactylus 
pacific-us. As these lizards remain in hibernation for almost 
a third of the year particular attention was paid to the 
changes in various organs during this time. 
1. R~Eroductive Cycles 
All temperate lizards studied to date show seasonal 
variations in the development of their reproductive organs. 
Female LeioZopisma zelandica and HopZodactyZ.us pacificus are 
similar to Hemiergis peronii ( Smyth and Smith, 19 6 8), · SceZoporus 
jarrovi (Goldberg, 1971a; Tinkle and Hadley, 1973) and 
Phrynosoma douglassi (Goldberg, 1971b) in that they are vivi-
parous and produce one clutch of young in one to two months. 
The males emerge from hibernation with small testes but rapid 




spermatozoa by early summer. Their testicular cycle is 
therefore similar to that of Phrynosoma solare (Blount, 1929), 
Urosaurus ornatus (Asplund and Lowe, 19 6 4-) and other lizards 
which display the second pattern of testicular development 
(p. 46). The extent of testicular development differs 
according to species. The gecko has a gradual and more 
prolonged maturation than the skink and its maximum testes 
weight is only double the minimum weight whereas that of 
the skink shows a ten fold increase. 
Unlike most lizards the period of ovulation in females 
and the peak sperm production in males does not coincide 1n 
Leio lopisma ze Zandica and Hop lodacty Zus paci ficus (Fig . 4 4 ) • 
Both Boyd (1942) and Barwick (1959) presumed that copulation 
in HoplodactyZus maculatus and Leiolopisma zelandica took place 
in October when ovulation occurred, but they did not observe 
copulating pairs at this time. Barwick reported seeing a 
pair of lizards copulate in the laboratory in March and, 
although he considered this a displacement activity, he 
suggested it could in fact be the time copulation occurred 
in nature, since it coincided with maximum sperm production. 
If this was the case sperm would need to be stored in the 
female until the time of ovulation but he did not verify 
this. 
In the present study, a pair of skinks were seen in 
the copulatory position in the laboratory in March and the 
presence of stored sperm in both female skinks and geckos 
can be regarded as conclusive evidence that copulatory 
activity occurs during summer and into autumn. 
..... '~ -
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Autumnal breeding and spring fertilization has also 
been suggested by Mount (1963) and Smyth and Smith (1968) 
in Eumeces egregius and Hemiergis peronii respectively, Both 
studies found that testes are at a minimum when females 
ovulate and therefore assumed that there must be storage 
of spermatozoa over winter. Delayed fertilization is also 
known to occur in a number of bats, where copulation takes 
place before hibernation and spermatozoa are stored in the 
female until ovulation and fertilization occur after hiberna-
tion. As suggested by Vaughan (1972) "delayed fertiliza-
tion is seemingly a highly advantageous adaptation in mam-
mals with long periods of dormancy". This may also be true 
for reptiles which show delayed fertilization. The activi-
ties of spermiogenesis and copulation, which require con-
sider3ble energy, take place in sununer when the males are 
in peak condition and food supplies are plentiful. Ovula-
tion and fertilization can therefore occur immediately after 
emergence from hibernation and need not be delayed until the 
males have attained breeding condition. This allows 
embryonic development to take place during spring with 
parturition occurring early in the summer, thus allowing 
the longest possible time for development of young before 
their first hibernation. 
Delayed fertilization necessitates the storage of 
spermatozoa in the female reproductive tract for long period 
of time. Storage lasted at least 6 months in the skink and 
8 months in the gecko. In other species which store 




(Cuellar, 1966a), Microsaura pumiZa (Atsatt, 1953) and AnoZis 
caroZinensis (Fox, 1963) multiple clutches can be produced 
without multiple matings taking place. But there is no 
evidence to suggest that these species depend exclusively 
on stored spermatozoa for the fertilization of late clutches 
since the males usually remain potential breeders through-
out the time females produce eggs. In these species there-
fore the storage of spermatozoa effectively lengthens the 
period of fertile egg laying and may also be of significant 
survival value in submarginal habitats where males may be 
scarce. In the skinks and geckos of Central Otago however, sperm storage is 
necessary and related to delayed fertilization, an adaptation 
evident in cold environments. 
Although the cues initiating yolk deposition were not 
investigated in the present study it was noted that the 
initiation of yolk deposition coincided with the appearance 
of sperm in the oviduct. This suggests that the stimulus 
of copulation may initiate yolk deposition in skinks and 
geckos. Ovulation in response to the stimulus of copula-
tion is known to occur in some mammals, e.g. the rabbit, 
ferret, cat, lynx, racoon, field vole and camel, the nervous 
stimuli arising from the act of copulation pass to the brain 
and this in turn brings about the discharges of the pituitary 
hormones that cause ovulation (Sadleir, 1972). It would be 
of interest to see if yolk deposition and appearance of sperm 
in the oviduct coincide in other species of reptiles. In 
some lizards, e.g. Uma scoparia (Mayhew, 1966b), Gen•honotus 
muZticarinatus (Goldberg, 1972) and Urosaur-us graciosus (Vitt and 
Ohmart, 1975), the reported period of potential breeding in 
', -
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males overlaps with the commencement of yolk deposition in 
females, but lack of data concerning the presence of spermat-
ozoa in the female reproductive tract at the commencement 
of vitellogenesis does not enable any deductions to be drawn. 
In most species yolk deposition occurs one to two months 
before ovulation but it begins seven months before ovulation 
in LeioZopisma zeZandica and eight months before ovulation in 
HopZodactyZus pacificus (Fig. 44). Such long term yolk deposi-
tion is in agreement with the times reported for a more 
northern population of LeioZopisma zeZandica by Barwick ( 19 5 9) 
and in a New Zealand gecko HopZodactyZus macuZatus by Boyd (1940). 
Other species reported to have long term yolk deposition are 
Mo Zoch horridus (Pianka and Pianka , 19 7 0 ) , See Zoporus jarrovi 
(Goldberg, 1971a) and Xantusia riversiana (Goldberg and Bezy, 
1974). This extended period of yolk deposition may occur 
in species which do not have extensive food supplies available 
to them in the monthi preceding ovulation. This may certain-
ly be true of LeioZopisma zeZandica and HopZodactyZus pacificus 
since ovulation takes place less than a month after they 
emerge from hibernation and it would appear that a gradual 
deposition of yolk, spanning many months, is necessary to 
accumulate sufficient yolk. 
The'amount of lipid deposited in the eggs varies great-
ly in different species. The following table shows that 
the amount of lipid per clutch or per egg in gecko eggs is 
very large compared to the small amount deposited in eggs 
of the skink and other species studied. 
I 
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Lizard: 
oviparous (ov) or 
viviparous (vi) 
HopZodaatyZus paaifiaus (vi) 
LeioZopisma zeZandiaa (vi) 
Morethia bouZengeri (ov) 
Hemiergis peronii (vi) 
Uta stansburiana (ov) 
AnoZis aaroZinensi (ov) 
Fat in Oviducal Egg 
per clutch per egg 
















Skink oviducal eggs showed a six fold increase in weight 
during gestation and since they contained only a small amount 
of lipid at ovulation they must be supplied with nutrients 
via the placentae. In contrast the gecko eggs only doubled 
their weight during gestation and contained large amounts of 
fat which would suggest that the transport of nutrients 
across the placentae is not as extensive as in the skink. 
Weekes (1935) suggested that the omphaloplacenta pro-
vides the embryo with water while both Boyd (1942) and Hoff-
man (1970) suggested that it also supplied other nutrients 
to the embryo. Since the maternal ectoderm of the gecko 
omphaloplacenta displayed secretory activity, this organ may 
be important for nutrient exchange but the omphaloplacenta 
of the skink was not well developed which suggests that i·t 
was not so important. The allantoplacenta in the skink was 
more extensively vascularised than that of the gecko and is 
more likely to be the organ by which the major tran~fer of 
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nutrients takes place. However the extent and nature of 
nutrient transfer by the placentae could not be established 
in the present study. 
2. Fat Body Cy~les 
The most striking difference between the fat bodies of 
the two species studied is that those of the skink are much 
larger and account for a much greater percentage of the body 
weight than those of the gecko. 
Skink fat body cycles resemble those of the temperate 
lizards, Cnemidophorus tigris (Gaffney and Fitzpatrick, 197 3), 
Takydromus tachydromoides (Telford, 1970), Sceloporus jar>rovi 
(Goldberg, 1972) and S. graciosus (Derickson, 1974). They 
show decreases in fat body weight during follicular growth 
and during hibernation, the female fat body showing larger 
seasonal ranges of fluctuations than those of the male. 
Barwick (1959) also noted the depletion of fat bodies in a 
northern population of LeioZopisma zelandica (Wellington district) 
during gestation but failed to observe any obvious reduction 
in fat body size during hibernation. Since he made no 
quantitative analysis of changes in fat body size such 
aualitative observations are inconclusive. 
~ 
But in the mild 
climate of the Wellington area skinks are observed basking 
on fine days during winter and can presumably feed, as food 
was found in the alimentary tracts of some specimens~taken 
in the middle of the hibernation period. This northern 
population may not depend on fat body supplies as a major 
---.,-.. 
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energy source during hibernation as do skinks in the more 
rigorous climate of Central Otago. 
Gecko fat body cycles show only slight seasonal varia-
tions which are not statistically significant and the male 
and female cycles are almost identical. In these respects 
the gecko fat body cycles appear to resemble those of 
Egernia cunninghami ( Barwick and Bryant, 196 6) which failed to 
reveal any constant pattern of changes with respect to sex 
and season. 
It would appear therefore that the size of skink and 
gecko fat bodies portray opposite ends of the spect~um of 
fat body development. The fat bodies of the skink, to-
gether with those species mentioned above fall into a group 
at one end of the spectrum, where fat bodies account for a 
large proportion of the body weight and decrease during 
follicular growth and hibernation. In two other groups, 
fat body size decreases during winter hibernation, e.g. 
Varanus griseus and Uromastyx aegytae ( Khalil and Adbel-Mes seih, 
19 6 2) or during follicular development, e.g. Uta stansburiana 
(Hahn and Tinkle, 1965), Cnemidophorus sexlineatus (Hoddenbach, 
196 6), Uromastix hardwickii ( Zain and Zain-ul-Abedin, 19 6 7) , 
Sceloporus malachiticus, S. undulatus (Marion and Sexton, 19 71) , 
Cophosaurus texanus (Ballinger et al., 1972), Cnemidophorus gularis 
( Ballinger and Schrank, 19 7 2) , Ph1~ynosoma cornutum (Ballinger, 
1974) and Sceloporus occidentalis (Goldberg, 1974), depending 
on the timing of food availability and the reproductive 
season. In a fourth group, in which Hoplodactylus pacificus 





for only a small percentage of body weight and show little 
seasonal variation which suggests the reduced importance of 
this organ for fat storage. However, this is not the end 
of the spectrum as some species, e.g. Hemiergis peronii (Smyth, 
1974) have no fat bodies. 
The degree of fat body development appears to vary 
within families and genera. Some members of the same family 
may have large fat bodies and others none, e.g. the skinks 
Morethia boulengeri have large fat bodies and Hemiergis peronii 
have none (Smyth, 1974),while the sympatric species Anolis 
aeneus and .4.. trinitatis in the same environment display mark-
edly different patterns of fat body cycling (Gorman and 
Li ch t , 19 7 5 ) . 
3. Seasonal Cycles in the Liver 
Although seasonal cycles of fat bodies and reproductive 
organs have been studied in many lizards, cycles displayed 
by other organs have been neglected. In the present study 
the seasonal cycles in liver weight, lipid and glycogen 
were studied. 
a) Liver fveight 
Seasonal changes in the liver weight ratios of 
LeioZopisma zelandica and HopZodactylus pacificus resemble those 
in Ano Us caro Zinensis (Des sauer, 19 5 3) , Ur•omastyx aegyptia ( Khalil 
and Yanni, 1961), Egernia cunninghconi (Bar,wick and Bryant, 1966) 
and Scelop011us jarrovi (Goldberg, 1972) in showing maximum 
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weight ratios prior to or during hibernation. Female liver 
weight appears to increase before male liver weight, reach-
ing a maximum prior to hibernation (Leiolopisma zelandica, 
HopZodactyZus pacificus., Uromastyx aegyptia and Sceloporus jarrovi) , 
while in most males the maximum weight ratio is reached by 
mid hibernation (Leiolopisma zelandica., Anolis carolinensis and 
SceZoporus jarrovi). However, in male geckos (Hoplodactylus 
pacificus) the liver weight ratio gradually increased through-
out hibernation and reached a maximum at the end of hiberna-
tion. This increase has been correlated with the build 
up of nutrients during hibernation and Dessauer (1955) sug-
gested that lipids are responsible for the greatest share 
of the change. Although in the present study liver weight 
and liver lipid cycles do follow broadly similar fluctuations 
in male skinks and geckos during winter, those of female 
skinks and geckos were not similar (Figs. 6 and 8), Studies 
of other liver components such as protein and water would 
need to be followed in order to establish the parameter most 
responsible for the increase in liver weight over hibernation. 
In all species studied including skinks and geckos 
there is a decrease in liver weight ratio in spring after 
emergence from hibernation. In geckos and male skinks this 
decrease correlates with a decrease in liver lipid which 
Goldberg (1972) suggests may indicate utilization of stored 
nutrients during a period of activity when environmental 
food supplies are low, but it may also be indicative of 
increased supply of liver lipid to other organs. Female 




The significance of such a peak is un-
Although increases in female liver weight have been 
noted to coincide with vi tellogenesis in Uromastyx aegyptia 
(Khalil and Yanni, 1961), Uta stansburiana (Hahn and Tinkle, 
1965), Takydromus tachydromoides (Telford, 1970) and SceZoporus 
jarrovi (Goldberg, 1972) such a correlation is difficult to 
make in LeioZopisma zeZandica and HopZodactyZus pacificus, since 
yolk deposition extends over a long period of time. How-
ever, liver weight does increase at the onset of vitello-
genesis in these species but this also coincides with the 
prehibernation storage of nutrients. 
In males no striking changes liver weight occur during 
spermiogenesis, but the liver weight ratio did decrease 
during the breeding season in late summer. 
As in Takydromus tachydromoides (Telford, 19 7 0) and SceZoporus 
jarrovi (Goldberg, 197 2) liver weight ratio cycles in female 
LeioZopisma zeZandica and HopZodactyZus pacificus fluctuate through 
a wider range than those of males. 
b) Liver GZyco11en 
In both LeioZopisma zeZandica and HopZodactyZus pacificus 
liver glycogen falls to very low levels at the end of 
hibernation. Transmission electron microscopy and histo-
chemical studies support these biochemical results. Electron 




in summer (Fig. llA) but liver cells from midwinter lizards 
were almost completely devoid of glycogen (Fig. llB). 
Glycogen, shown histochemically by the PAS reaction, was 
also reduced during winter in gecko liver. In the skink 
however, glycogen decreased to low levels in the last two 
months of hibernation. Since loss of glygogen would be 
accompanied by loss of water, a loss in liver weight would 
also be expected during hibernation. However this ·was not 
found to be the case as liver glycogen ratios and liver 
weight ratios did not follow similar trends during hiberna-
tion. Instead liver lipid and liver weight ratios showed 
more similar fluctuations especially in male geckos and so 
changes in liver lipid would be more likely to account for 
liver weight changes than were changes in liver glycogen. 
Glycogen levels are also seen to decrease during winter 
in the lizards Varanus greseus (Haggag et al. , 19 6 6) and 
Egernia cunninghconi (Barwick and Bryant, 1966) in a number> of 
amphibians (reviewed by Smith, 1950), in the arctic ground 
squirrel (Mayer, 1960), in the thirteen-striped ground 
squirrel after long periods of hibernation (Zimny, 1960) 
and in bats (Troyer, 1959). Haggag et al. (1966) suggest 
that since no food is taken during hibernation the breakdown 
of glycogen provides the energy needed for their basal meta-
bolism during the inactive period. However, as Troyer 
(1959) points out the quantity of glycogen utilized during 
this period does not appear large enough to sustain meta-
bolism throughout hibernation and is perhaps only an addi-
tional source to that of fat metabolism. 
>. \ 
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Liver glycogen increased abruptly in both skink and 
gecko livers after emergence from hibernation. This would 
suggest that the intake of dietary carbohydrate has been re-
established. Since lizards would be feeding by early 
September when the first measurement after emergence was 
undertaken, this indicates the change from fatty acid oxida-
tion during hibernation to oxidation of carbohydrate sources 
after emergence. Peaks in liver glycogen are also evident 
in spring in the lizards Anolis carolinensis (Dessauer, 1953) 
and Uromastyx aegyptia ( Kha li 1 and Yanni , 19 61 ) . 
During summeP two peaks in liver glycogen, one in 
January and one in March, are evident in both skinks and 
geckos. Such peaks suggest that dietary intake exceeds 
metabolic demands during these months and allows storage of 
carbohydrate as liver glycogen. However, in February there 
is a decrease in liver glycogen. This would suggest a 
period where dietary intake does not meet metabolic demands. 
This may be a result of decreased feeding and or increased 
activity,since the onset of breeding activity may increase 
energy demands during February. 
c) Liver Lipid 
Although lizard livers are very fatty, the liver could 
not be considered as an important organ for storage of lipid 
when compared to the extensive storage in fat bodies, tail 
and carcass (Figs. 41 and 42). An increase in liver lipid 
was therefore taken to represent an increase from dietary 
sources or from mobilization from depot organs to the liver, 
while a decrease represents metabolism of that lipid or 
mobilization to depot organs. 
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Monthly lipid extractions and electron micrographs show 
striking increase in liver lipid during hibernation in both 
skinks and geckos. In winter the lipid droplets appear 
unevenly distributed throughout the liver parenchyma. 
Significant increases in lizard liver lipid during 
hibernation have also been reported by Zain and Zain-ul-
Abedin (1967) and similar increases also occur during the 
winter in the salamander Amphiuma means (Rose, 1967) and 
hibernating arctic ground squirrel (Mayer, 1960). In con-
trast, both Dessauer (1955) and Gaffney and Fitzpatrick 
(1973) found that liver lipid reached a maximum prior to 
hibernation and decreased during hibernation in lizards 
while a similar situation was found to exist in toads (Bush, 
1963). 
Zain and Zain-ul-Abedin (1967) have suggested that the 
increase in liver lipid in winter results from lipogenesis 
from carbohydrate sources. In the present study an inverse 
relationship between liver lipid and glycogen exists (Figs. 
7 and 8), but it is unlikely to account for such a large 
increase in lipid. The increase in liver lipid is more 
likely to be due to mobilization of fat from depot sites. 
Khalil and Abdel-Messeih (1959) also suggested that lipid 
was transferred to the liver from depots during periods of 
starvation. 
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During emergence from hibernation lipid levels drop 
abruptly, which indicates that fatty acids are no longer 
being mobilized to the liver. The abrupt rise in liver 
glycogen at this time suggests the re-establishment of 
carbohydrate metabolism from dietary sources. 
The rise in liver lipid during early summer perhaps 
indicates a slight storage of lipid as lipid is mobilized 
to depot organs for storage during this time. 
The decline in liver lipid in February follows the 
decline in total lipid for this month which is especially 
evident in male lizards. This decline coincides with the 
beginning of the breeding season. 
d) Seasonal Variation in Hepatic CeUular:_OrganeUes 
Transmission electron micrographs of summer and winter 
liver tissue show changes in the abundance of some hepatic 
cellular organelles. 
( i) Autophagic Vacuoles and Residual Bodies: 
Autophagic vacuoles and residual bodies were more evident 
in liver in midwinter than in midsummer. Since these struc-
tures are interpreted as products of the process of cellular 
autophagy the increase in winter may represent a slowing 
down of degradation at lower temperatures, resulting in a 
lower turnover rate and accumulation of these products, 
However, increased autophagy has been reported in normal 
-.:! 
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cells in response to hypoxia (Oudea~ 1963; Confer and 
Stenger, 1964), starvation (de Duve, 1963; Novikoff et al., 
1964; Swift and Hruban, 196l~; Toro and Viragh, 1966) and 
in cells rapidly mobilizing lipid (Napolitano, 1963). 
Since liver cells in the present study metabolise lipid 
during winter and are in a situation which may be akin to 
starvation and since hypoxia may occur during hibernation, 
any or all of these conditions may preside and account for 
the increase in autophagic vacuoles and residual bodies. 
However, further research would have to be undertaken to 
substantiate these proposals. 
(ii) Pigment: 
Pigment in summer liver tissue appeared more digested 
and occurred less frequently than in winter liver tissue. 
Eberth (cited Jorden, 1931) also described a reduction in 
the number of pigment cells in summer specimens of amphib:La.ns 
while Ells (1954) found that pigmentation was extensive in 
SceZoporus occidentaUs afte1" a months starvation. Although 
the increase in pigmentation during hibernation in the 
present study may be associated with starvation, the high 
density of pigment laden macrophages and the digested appear-
ance of the melanin in electron micrographs suggests a method 
of disposal of pigment. It may be that the rate of normal 
pigment disposal slows down in winter and results in the 
accumulation of pigment or perhaps there is a period of pig-
ment degradation during hibernation which does not normally 






It may belong to a circulatory phase of a system of pigment 
which extends from epidermis to dermis and to other organs 
such as reproductive system. Breathnach and Poyntz (1966) 
found macrophages containing melanin granules among melano-
phores and deeper dermis layers and perhaps such macrophages 
could be transported to the liver via the circulatory system. 
e) Metabolism in the Liver 
In an attempt to gain some evidence of the degree of 
metabolism in winLer livers enzyme activity was compared in 
winter and summer. When considering these results, it must 
be remembered that the sandwich blocks of summer and winter 
tissue were incubated at room temperature and so data for 
the hibernating tissue may not in fact reflect the conditions 
of enzymatic activity during hibernation. 
In the gecko esterase activity is increased in winter 
tissue even though it has a rather patchy distribtuion. This 
suggests that the oxidation of fatty acids is increased in 
the liver during winter. The gecko liver also shows a 
striking increase in succinic dehydrogenase activity in 
winter. Since the principal oxidative reactions in mito-
chondria are similar in reptiles and mammals (Barwick and 
Bryant, 1966; Mersmann and Privitera, 1964; Cassata, 1971), 
it is assumed that the high succinic dehydrogenase activity 
indicates citric acid cycle participation in the oxidation 
of fatty acids during winter. Although such an increase 




for Ege1"1iia cunninghami (Barwick and Bryant, 1966) and the 
hibernating chipmunk (Liu et al., 1969) it appears more 
constantly in non-hibernating cold exposed animals, e.g. 
the golden hamster and rats (Liu et al., 1969). These 
increases are accompanied by an increase in S-hydroxybutyric 
dehydrogenase activity. When the rate of lipid metabolism 
outstrips the capacity of the hepatic citric acid cycle, 
acetoacetic acid formation takes place. A significant 
pr<?portion of this compound may be reduced to S-,hydroxybutyric 
acid or decarboxylated to acetone (these three compounds 
being collectively known as ketone bodies). Since the 
liver is unable to metabolise ketone bodies any rise in the 
activity of S-'hydroxybutyric dehydi"ogenase indicates an in-
crease in ketone body formation and also supports the evidence 
that lipid metabolism is greatly increased. Extensive lipid 
metabolism therefore appears to be the primary mode of 
energy supply in the gecko liver during hibernation. 
The intimate association of lipid droplets and mito-
chondria in the winter liver tissue of geckos provides 
structural evidence which suggests that fatty acids of the 
lipid droplet are metabolised by mitochondria. Palade (1959) 
also proposed that the contact between lipid droplets and 
mitochondria facilitates rapid fatty acid oxidation. 
Although hibernating skinks have an increase in 
esterase activity they reveal a pattern of reduced oxidative 
enzymatic activity. This low succinic dehydrogenase activi-
ty has also been noted in hibernating toads (Mukherji and 
Deb, 1963), hibernating hamsters and ground squirrels (Liu 
• ) 
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et al., 1969) and is assumed to display inhibition of the 
citric acid cycle which seems to be an important metabolic 
readjustment in most hibernating mammals. Further evidence 
of the reduction of liver metabolism during the winter is 
seen from the decrease in (3-hydroxybutyric dehydrogenase 
activity which suggests that formation of ketone bodies is 
also reduced. 
These results suggest that metabolism in both skink 
and gecko livers during winter is based on the oxidation of 
fatty acids but the extent of this metabolism differs mark-
edly in the two species. In gecko livers the rate is in-
creased during winter. Such an increased metabolic rate 
is characteristic of cold exposed animals (Rao, 1967; Liu 
et al., 1969). In contrast it appears that the liver of 
skinks show similar adaptations to many mammalian hibernators 
in maintaining a reduced metabolism during hibernation. 
4. Sites of Lipid Storage 
Skinks store more fat in the tail and fat body than in 
other organs of the body so these sites are considered to 
be the most important depots for lipid storage. In geckos 
however the carcass and tail act as the main depots for 
storage of lipid. 
Many workers who have followed fat body cycles in 
lizards have not considered fat cycles in other organs but 
their reports imply that the fat bodies indicate the state 




e.g. gecko, consideration of the fat body alone would give 
a very misleading indication of the overall state of lipid 
storage. For this reason it is necessary to look at fat 
storage in each organ separately or the total overall fat 
distribution and not rely on only one organ. 
5. Storage and Utilization of Lipid 
The most economical method to store energy is in the 
form of fat since it provides approximately 9 kcal/g where-
as glycogen provides only 4 kcal/g. One method of follow-
ing the seasonal energy storage is therefore to measure the 
amount of lipid at different times of the year. Considera-
tion of the overall lipid cycles gives an idea of the extent 
of lipid storage. The total lipid is highest in female 
skinks in April and lowest in September, the difference 
between these amounts suggesting the female skink annually 
stores a total of about 233 mg of lipid in the fat depots. 
By the same token male skinks store a total of about 200 mg 
of fat while female and male geckos store about 3 36 mg and 
253 mg of fat respectively. 
Looking more closely at this lipid storage it is of 
interest to establish where and when the lipid was stored 
and also when and for what purpose it was utilized. It is 
evident from the seasonal cycles in individual organs that 
storage of lipid in the skink and gecko differs markedly. 
Tables 26-29 show the monthly losses and gains of lipid in 
the carcass, tail, fat body, gonads and liver. Since data 
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TABLE 26: Monthly Lipid Losses and Gains in Female Skink (mg) 
January February March April May June July 
Carcass 
-1.81 +8.82 +14.10 -12.02 -15.42 +1.44 -7.53 Lipid 
Tail 
+2.05 -23.10 +70.25 
Lipid 
-36. 72 -19. 34 -0.08 -10.45 
Fat Body 
+9.39 -2.32 +75 .11 -18.59 -53.16 +l. 76 -10.68 Lipid 
Ovary 





+4.08 -3.84 +5.47 -2.44 -1.67 -0.10 -0.26 Lipid 
Total 
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TABLE 27: Monthly Lipid Losses and Gains in Male Skink (mg) 
Ja.nuary February March April May June 
Carcass 
-14.79 -7.95 +1.50 -4.65 -9.26 -0.14 Lipid 
Tail 
-0.41 -66. 71 -8.03 +6.61 -14.46 -6. 72 
Lipid 
Fat Body +4. 72 -30.47 +2.48 -3.34 -18.95 -1.44 
Lipid 
Testes +0.04 -1.11 -0.68 +0.13 ...;0.45 +0.28 
Lipid 
Liver +4.56 -6.99 +3.40 -1.21 -0.59 +5.35 
Lipid 
Total 
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Monthly Lipid Losses and Gains in Female Gecko (mg) 
January February March April May June July 
-104.42 -19 .45 +52.33 -44.35 -25.50 -20.84 -21.65 
-41.38 -13 .84 -14.80 +16.37 -51.18 -7 .10 -10.78 
-0.83 -2.78 -4.40 -7.98 -4.97 +l.13 -3.23 
+5.42 +16.31 +54.88 +31.98 +8.82 ~9.96 +3.68 
-57.75 -58.23 
+3.14 -5.83 +5.12 -6.83 +0.09 +0.40 +2.45 










September October November December 
+26.07 +20.20 +1.29 +115.12 
+24.97 +13.87 +40.04 +45.43 
+9.05 -0.18 +9.02 +6.02 
-141.60 -o. 77 -0.76 +0.01 
+182.34 +6.35 -8.58 -64.13 
-0.09 +2.08 +2.18 +3.48 






TABLE 29: Monthly Lipid Losses and Gains in Male Gecko (mg) 
January February March April May June 
Carcass 
-35.06 -44.20 +27.46 +10.53 -36.95 -3.13 Lipid 
Tail 
-21.44 -42.25 -17. 93 +4.61 +0.23 -23.37 Lipid 
Fat Body 
+2.02 -11. 39 -0.12 -3.91 -1.14 -3.21 Lipid 
Testes 
+0.14 -0.09 +0.23 -0.10 -0.40 +0.29 Lipid 
Liver 
-1. 71 -5.16 
Lipid 
-1.03 +1.15 +0.90 -5.15 
Total 
Loss or -56.05 -103 .09 +8.61 +12.28 -37.36 -34.57 
Gain 
July August 





-30 .14 +11.40 
September October November December 
-37.02 +16.01 +2.05 +109. 77 
-0.86 +1.15 +24.17 +81. 74 
+13.63 -13.78 +13. 35 +6.73 
+0.08 -0.24 +0.24 -0.54 
+0.25 -0.58 +5.85 +6.92 













were collected at the beginning of each month the net changes 
in any month could be calculated by subtracting data of the 
following month from the month in question. With these 
monthly changes as a basis the year can be arbi tarily divided 
into four subdivisions to show the main periods of lipid 
accumulation and lipid utilization. These net lipid changes 
are represented diagrammatically in Figs. 45-48. to show the 
increases, decreases and possible direction of movement of 
lipid to and from each organ during each period. The liver 
is assumed to be the central site, through which fatty acids 
entering the body (from the digestive tract) pass, or into 
which fatty acids pass to be metabolised and perhaps through 
which they pass when being tr1ansferred from one organ to 
another . 
The first period presented in these figures is one of 
lipid utilization during hibernation. In skinks this 
extends from April until August whereas in geckos lipid was 
utilized from May until July. 
This is followed by a period of accumulation which 
extended from September to November in female skinks and 
from September until December in male skinks. The equivalent 
period of spring and summer replenishment occurs from August 
to December in geckos. 
The breeding period, which includes the parturition 
period for females and the time of maximum sperm production 
in males, takes place from December to February in female 
skinks and in January and February for male skinks and both 
sexes of geckos. 
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Lipid is again accumulated prior to hibernation (pre-
hibernation period) in March in skinks and during March and 
April in geckos. 
a) U·tiUzation of Lipid during Hibernation 
(i) Skink: (April - August) 
During April when female skink lipid depots fall, twice 
as much lipid is utilized from the tail as from the fat body 
and carcass. Although male skink lipid depots show a 
slight decrease it is negligible compared to the decrease 
in female depots. During April skinks remain active. 
Behavioural and telemetric studies have shown that reptiles 
maintain a preferred body temperature, characteristic of the 
species, during periods of activity. To maintain their 
preferred body temperatures during periods of activity in 
the colder months of April skinks would require extra energy, 
but shorter day length affords shortened foraging time and 
hence energy demands not fully met by food intake are sup-
plemented from stored fat. The extensive decrease in female 
lipid during April may be further accounted for by mobiliza-
tion to ovaries where there is a significant increase in 
lipid at this time. 
During May, June, July and August skinks in artificial 
hibernation were deprived of food and therefore relied 
entirely on stored fat deposits. In the field feeding could 
take place before entering hibernation in May and after 






inactivity feeding is unlikely to occur. Fat body lipid 
is the main source utilized in May but tail and carcass 
lipid also decreases. Chromatographic studies suggest that 
in all these depo·ts unsaturated fatty acids of phospholipids 
are used. The use of phospholipids for metabolism is not 
well documented but Allmann et al. (1965) found that fasting 
for 48 hours produced a 70% decrease in rat liver phospho-
lipid and P. Larking (personal communication) also found a 
significant decrease in total liver phospholipid in 48 hours 
fasted young rats. Neptune et al. (1960) reported "that the 
phospholipids undergo a more rapid degradation than tri-
glycerides" in rat diaphragm and suggests that phospholipid 
"perhaps play a more active metabolic role". 
It is interesting to note that triglycerides increase 
during phospholipid utilization, there being an inverse 
relationship between these two fractions at this time (Fig. 
43) • Although some of the triglycerides may be synthesised 
from carbohydrate sources there may be a transfer of fatty 
acids from phospholipids to triglycerides. Perhaps some 
of the fatty acids liberated during phospholipid metabolism 
are incorporated into the triglycerides. The concept of 
transfer of fatty acids from phospholipids to triglycerides 
and vice versa has been established in mammalian tissue by 
Neptune et al. (1960). However further research using iso-
topically labelled fatty acids would have to be undertaken 
in order to verify the relationship between carbohydrate, 







During June and July comparatively little lipid is 
utilized. Evidence from liver and tail enzyme histo-
chemistry supports the suggestion that metabolism is reduced 
during these months in skinks. 
In August,the last month of hibernation, only the 
female skink lipid depots decrease. Since a decrease is 
not apparent in male skink depots at this time it would 
appear that the lipid utilized supplies nutrients to the 
enlarged eggs in the ovary. The fat body and tail lipid 
triglycerides decrease during this month but the major in-
crease in the eggs is in phospholipids. 
Considering the hibernation period as a whole, males 
and females experience similar conditions and hence it is 
assumed they would utilize equivalent amounts of energy for 
maintenance (there is no significant difference between male 
and female weights during hibernation). During this period 
of fat utilization males used about 68 mg of fat for general 
metabolic maintenance while females utilized about 246 mg of 
fat for maintenance and yolk production. This suggests 
that about 178 mg of fat are used for yolk production in 
females, of which only 14 mg is laid down as fat in the 
yolked follicles. Therefore for every mg of fat laid down, 
approximately 12 mg was used in the conversion and in the 






(ii) Gecko: (May - July) 
During the months of hibernation both male and female 
gecko lipid depots show a steady decrease in lipid. In 
May females utilize twice as much lipid as males. Carcass 
lipid decreased in both sexes but tail lipid is the more 
important source in females and probably supplies the 
developing eggs with nutrients. In June and July males 
and females lost equal amounts of lipid. In June the 
female utilized carcass lipid while the male used tail lipid 
but in July both sexes utilized carcass lipid depots. 
Chromatography studies show that in the first two months 
tail depots lose triglycerides and cholesterol and phospho-
lipids increased while in carcass lipid phospholipids and 
cholesterol decrease and triglycerides increase. Although 
there appears to be an inverse relationship between phospho-
lipid and triglyceride as seen in skinks, the overall changes 
(Fig. 43) show no such inverse relationship which suggests 
that tail triglycerides are perhaps mobilized to the carcass 
and carcass phospholipids may be mobilized to the tail. 
Cholesterol is the main fraction utilized during this period. 
In the last months of hibernation the changes in tail 
and carcass lipid are similar again showing an overall 
usage of cholesterol and phospholipid. 
Cholesterol therefore appears to be the main fraction 
used to meet the energy needs of geckos during hibernation 
but no reference to the use of cholesterol in such a cap-
acity could be found in the literature. Since the 
;,' 
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phospholipid depots appear to become more saturated during 
hibernation it appears that the unsaturated acids are 
utilized preferentially. This was also evident in skink 
lipid. This use of unsaturated acids during cold condi-· 
tions appears unusual. Studies based on cold exposure in 
mammals (Fawcett and Lyman, 1954; Kodoma and Pace, 1963) 
found that saturated fatty acids of triglycerides are 
utilized preferentially leaving depots more unsaturated. 
It is thought that increased unsaturation enables lipid 
stores to remain fluid at lower temperatures. 
Males and fema1es underwent the same condition of 
hibernation and since there was no significant difference 
between their body weights equivalent amounts of energy 
would be used by each sex for general metabolic maintenance. 
Males used 102 mg of fat while females used about 139 mg 
for general maintenance and yolk production, the latter 
therefore accounting for the extra 37 mg of fat used. Over 
this period only 2 mg of fat was actually deposited in the 
ovaries, about 18 mg were used in the conversion and for the 
formation of their yolk components. 
(iii) Conparison of Lipid Utilization in Skinks and Geckos: 
The extent of lipid utilization over winter suggests 
that skink hibernation is longer than that in geckos. Skinks, 
especially females,utilize large amounts of lipid prior to 
hibernation in April and during em~rgence from hibernation 
in August. In comparison gecko fat s·tores are no·t depleted 
during April and August but do decrease steadily during 
I~ 
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artificial hibernation. This perhaps suggests differences 
in hibernating behaviour in the two species. Skinks use 
their deposits prior to hibernation but during hibernation 
there is a virtual metabolic shutdown perhaps similar to 
the deep hibernation seen in the marmot, woodchuck and 13-
lined ground squirrel (Nelson, 1973). In geckos hiberna-
· tion may be more akin to cold exposure in that metabolic 
activities continue at a high rate. Such differences in 
activity are substantiated by the histochemical studies of 
the liver during this period, skinks showing an almost 
complete close down of enzymatic activity and geckos show-
ing continued activity. These two methods of coping with 
cold conditions are probably due to genetic differe.nces in 
the two species. As geckos are mainly tropical genera 
their ability to exist at such a southerly latitude may be 
due to their ability to put up with a prolonged cold spell. 
The skinks are more widespread in temperate areas and may be 
considered to be more highly adapted to coping with extensive 
cold conditions. Besides any differences which might be 
genetic in nature it must be remembered that geckos are 
nocturnal and skinks diurnal. The difference between the 
temperatures of normal activity and winter would presumably 
be less in the nocturnal gecko than for the diurnal skink 
and so the extent of compensation may not be so great. 
j • 
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b) Spring and Early B'l_:!)Tllner Replenishment 
(i) Skink: (Female: September to November, 
Male: September to December) 
During spring tail and carcass lipid depots are re-
plenished in females but fat body depots do not increase. 
In September the large amount of lipid directed into the 
eggs is most probably deposited prior to ovulation and not 
afterwards. The energy demands of the newly formed oviducal 
eggs must be great as during October food intake does not 
meet metabolic demands and lipid is almost totally depleted 
from the fat body with a little being used from the tail. 
Although it was not possible to determine from what 
source egg lipid originates circumstantial evidence from 
two sources suggests that in the skink the fat body lipid 
supplies the eggs during yolk deposition and is also utiliz-
ed during embryo development. Firstly, the main periods 
during which egg or oviducal egg weights increased coincides 
with the main periods of fat body lipid losses and fat body 
weight only increases after parturition. Secondly the 
female fat body is significantly heavier than that of the 
male during the period of yolk deposition and contains suf-
ficient lipid to account for all that deposited in the eggs. 
In other species, namely Uta stansburiana (Hahn and Tinkle, 
1965) and teiid lizards (Smith, 1968) experimental fat body 
excision resulting in follicular atresia has established 
that fat bodies act as a source for egg fat. It has also 
been suggested that fat bodies are an important source of 
micronutrients (Hahn and Tinkle, 1965), are regulated by 
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sex hormones (Smith, 1968) and that the processes of lipid 
deposition in eggs is regulated by fat body fatty acids 
(Lewis and Rose, 1969). 
The method by which fat body lipid is transf~rred to 
eggs is unknown. In some species liver lipid increases 
during yolk deposition (Goldberg, 1972; Hahn and Tinkle, 
1965) suggesting that fatty acids are first mobilized to 
the liver~ Although the skink liver weight was greatest 
during the period of yolk deposition the role of the J.iver 
during this period could not be assessed as no consistent 
changes in liver ~ipid coincided with the increases in egg 
lipid. It has also been suggested that fat body fatty 
acids are transferred straight to the ovary and are not 
first mobilized to the liver. The intimate origin of the 
fat body and ovary (fat body differentiates from the anterior 
part of genital ridge while the ovary differentiates from 
the posterior portion, Adams and Rae, 1929) perhaps sup-
ports this. 
In male skinks during early spring lipid is not re-
plenished into the fat depots as quickly as in females. 
Since males presumably have an adequate food supply at this 
time (females are able to replenish their lipid depots) it 
is suggested that their metabolic needs must be great. 
Although little lipid is actually deposited in the testes the 
initiation of testes recrudescence which occurs in Septem-
ber and October must utilize all energy acquired from dietary 
sources. During November and December lipid is replenished 
in all the male depot organs, more being deposited in the 
L 
> 
tail than in the fat body and carcass. 
period of lipid replenishment in males. 
(ii) Gecko: (August - December) 
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This is the main 
During spring and early summer geckos store large 
amounts of lipid in their depots, but the pattern of this 
storage differs in males and females. 
Females replenish their depot organs in spring and at 
the same time energy is directed into their developing eggs. 
However unlike female skinks the female gecko does not depend 
on fat body lipid for yolk deposition. Not only does the 
fat body contain insufficient lipid to produce the eggs, 
it does not show decreases that coincide with increases in 
egg lipid. The organs which supply lipid to the eggs 
appear to be the tail and carcass. Derickson (1974) also 
reported that carcass lipid decreases during egg development 
in Sceloporus graciosus and tail lipid is lost during egg 
production in both Morethia boulengeri and Hemier·gis peronii 
(Smyth, 1974). During October and November the rate of 
lipid replenishment in females decreases but in December the 
main replenishment for the year takes place. 
In males lipid stores are not replenished in early 
spring. As was discussed for male skinks the initiation of 
testes recrudescence must take most of the energy available 
to the lizard. In November lipid begins to be deposited 
in tail but December shows the greatest increase in lipid, 
large amounts being deposited in the carcass and tail but 
very little fat accumulates in the fat body. 
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c) B1?eeding__ Period 
( i) Skink: (Female: December to February, 
Male: January to February) 
The large decrease of lipid in female skinks in Decemb-
er is accounted for by the loss of embryo lipid at parturi-
tion. However, fat from the tail is also lost at this time 
and may be utilized to supply energy for activities connect-
ed with the birth of the young. The fat bodies now freed 
from supplying eggs with nutrients begin to be replenished. 
In males dur~ng January and February depot fat stores 
decrease. The energy utilization during February must be 
very extensive as not only does each organ show a decrease 
in lipid but liver glycogen also decreases significantly. 
Mating which occurs at this time must therefore place heavy 
energy demands on males. More fat is lost from the lipid 
depots during breeding than was lost during the whole period 
of hibernation. The extensive use of stored lipid during 
this period suggests that males may be more active. Their 
daily roaming movements may be increased to search for mates 
or courtship and mating may require a lot of energy. Al-
though little has been published on mating in these skinks 
detailed descriptions of courtship and mating in Ewneces 
egregius (Mount, 1963) suggest that skinks undergo elaborate 
courtship. If these skinks do undergo such courtship 
activities this could account for the massive depletion in 
stored lipid at this time. The main organs depleted of 
lipid are the tail in which triglycerides fall to very low 
levels and to a lesser extent the fat body and carcass which 
. , 
also show that triglycerides are the main fractions 
utilized. 
(ii) Gecko: (January and February) 
298 . 
Breeding activities begin in male geckos during January 
since sperm is found in the female reproductive tract from 
the beginning of February. Rather aggressive courtship 
and copulatory activities have been described for CoZenoynx 
varietatus (Pope, 1964) and if the geckos of this study also 
undergo aggressive precopulatory activity this could account 
for the massive depletion in lipid deposits during January 
and February. As in skinks more lipid is utilized during 
the breeding period than during hibernation. Inc1"eased 
activity and/or reduced food intake most probably contribute 
to this loss. Both the tail and carcass lose lipid at this 
time and as in skinks triglycerides are the main fractions 
depleted. 
In females the large net decrease in lipid during this 
period is accounted for by the loss of embryo lipid at 
parturition. Discounting this loss, female geckos in 
January lose large amounts of lipid from the carcass and 
small amounts from the tail. Since the female is not 
regarded as the active member in courtship it is unlikely 
that such an amount of lipid is utilized in these activities. 
It is more likely to be drawn on when the female is burdened 
by the almost fully developed embryos when their feeding 
may be restricted and later during birth and in caring for 





reported, the gecko females were usually accompanied by 
juveniles during these months. Their continued existence 
together suggests some parental care role. 
d) Prehibernation Replenishment 
(i) 8kink: (March) 
During March large quantities of fat are stored in the 
. 
fat body and tail. It would appear from thin layer 
chromatographic studies that phospholipids account for the 
major proportion of the fat. Storage of phospholipid is 
unusual and the only reports of high levels of phospholipid 
in fat to be found in the literature referred to brown fat 
in squirrels (Spencer et al., 1966). The reason for the 
preferential storage of phospholipid in skinksis unknown, 
but perhaps prey eaten at this time also have high levels 
of phospholipid. 
Since yolk deposition also begins during this month in 
skinks the extent of energy intake must be much higher than 
suggested by that stored. This massive storage of lipid 
in a short period prior to hibernation is 1reminiscent of the 
manner in which birds store fat prior to migration (Morton 
and Liebman, 1974). 
Storage of lipid was not evident in.males at this time. 
Breeding activities initiated a month earlier would con-
tinue into March and must still place high energy demands 











(ii) Gecko: (March and April) 
During March female geckos accumulate fat rapidly, and 
although fat is mobilized from the fat body this loss is 
more than compensated for by the fat stored in the carcass 
and ovary. Deposition of such large amounts of fat sug-
gest that food intake is high during March. Males also 
store fat in the carcass but fat is mobilized from the tail 
and fat bodies at this time. Breeding activities initiated 
in January and February and continued in March would place 
increased energy demands on males so food would be utilized 
to meet the immediate energy demands leaving only a little 
for storage as fat. 
During April when geckos are still active, feeding con-
tinues. Since day lengths are shortened and geckos are 
nocturnal their foraging time would increase, but foraging 
for food would be more costly in terms of energy require-
ments since temperatures are colder. Males have a small 
net gain in fat during April showing that food intake just 
meets metabolic needs. However in females food intake 
does not meet the added requirements needed for deposition 
of ovary fat, and there is a mobilization of carcass fat 
and to a lesser extent fat body fat. 
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CONCLUSIONS 
Breeding occurs in both LeioZopisma zelandica and 
Hoptod.actyZus pacificus in late summer and autumn and coincides 
with the initiation of yolk deposition in females. The 
period of yolk deposition extends from late summer until 
spring when delayed fertilization is achieved by spermat-
ozoa which have been stored in the female reproductive tract 
over winter. Gestation takes three months in skinks and 
three to four months in geckos. The development of the 
young in the female reproductive tract enables these vivi-
parous lizards to reproduce successfully in a cold climate. 
Structurally the female and male reproductive tracts resemble 
those described in other lizards. 
Large fat bodies develop in skinks and their lipid is 
utilized during follicular development and hibernation in 
the female and during the breeding period and hibernation 
in the male. Gecko fat bodies are not well developed. 
Changes in liver weight, liver lipid, liver glycogen 
and enzymatic activity suggest that in winter liver meta-
bolism is based primarily on the oxidation of fatty acids 
whereas during the rest of the year when lizards are active 
metabolism is based on carbohydrate oxidation from dietary 
sources. Differences were apparent in liver metabolism 
in skinks and geckos during winter. Skink livers display 
a virtual metabolic shut down whereas in geckos, liver 
metabolism continues at a high rate. 
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The main lipid storage depots in skinks are the tail 
and fat body whereas in geckos the tail and carcass are the 
most important sites. The major proportion of the fat 
stored in these depots is used to meet the energy demands 
of reproduction while smaller quantities are utilized during 
hibernation. Because the timing of reproductive activities 
differs in females and males the time of utilization of 
lipid differs in the two sexes. 
In females prolonged yolk deposition followed by three 
to four months gestation places heavy demands on the female 
from March until December and stored lipid is depleted. 
Since hibernation occurs during the period of yolk deposi-
tion the utilization of lipid is accentuated over the winter 
months. In males the main period of utilization of fat 
occurs from February to March when breeding takes place. 
Lipid is also utilized during hibernation. In spring when 
testicular recrudesence is initiated, energy demands also 
appear to be high but depletion of lipid depots was not 
evident at this time. 
The time of lipid replenishment also varies between the 
sexes. The main period of fat storage in male skinks and 
geckos occurs in November and December. Female skinks 
replenish their fat depots in March while female geckos 
show only limited storage in March, most of their fat 
storage occurs during spring and early summer. 
303. 
SUGGESTIONS FOR FURTHER RESEARCH 
Although the main seasonal cycles in fat bodies, liver 
and reproductive organs and patterns of lipid storage and 
utilization have been established in this study many find-
ings would benefit from further research. 
It would be of interest to analyse the fat bodies for 
other components besides lipid to establish the extent and 
nature of the non-fatty materials. 
Since changes in liver weight did not appear to be 
influenced by changes in lipid and glycogen at some times 
during the year, a study of protein and water content of 
the liver may help to identify the causes for liver weight 
fluctuations. 
Histochemical studies of enzyme activity indicate that 
liver metabolism differs in skinks and geckos during winter. 
Further biochemical studies of liver metabolism during 
hibernation would be of interest to establish the extent of 
carbohydrate and lipid metabolism and would enable changes 
in lizard metabolism to be compared with metabolism in 
mammals during hibernation. 
The origin of liver melanin pigment and the reason for 
its increase in winter remains unknown. Although it was 
suggested in this study that the pigment was undergoing 
degradation in melanin complexes further research would 
need to be undertaken before this proposal could be verified. 
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The extended period of yolk deposition in these lizards 
offers an opportunity to study the method and time of 
mobilization of lipid and other components to the ovaries 
which would be more difficult to follow in lizards which 
deposit yolk in a short space of time. It would also be 
of interest to study the extent and nature of nutrients 
supplied to the developing embryos via the placentae. 
The suggestion that copulation may initiate yolk 
deposition in females is also worthy of investigation in 
other species of lizards. 
Spermatozoa survive for long periods in the female 
reproductive tract, but the conditions necessary for such 
survival are unknown. If elucidated they may be of 
relevance for storage of sperm for artificial insemination 
in other animals. 
The thin layer and gas liquid chromatography analysis 
of lipid in these lizards indicate that the fractions 
stored and utilized may differ from those stored and 
utilized in mammals. Phospholipid storage in skink fat 
bodies and its utilization during hibernation appears un-
usual while in the liver cholesterol appears to be utilized. 
Both these findings merit further study. The extent and 
nature of phospholipid and triglyceride synthesis and 
oxidation during hibernation is also of interest. 
The study of fatty acids of lizard lipid suggests that 
these also display seasonal changes. Seasonal changes in 




birds (Morton and Liebman, 1974). If such a study were 
to be made in lizards it would be of utmost importance to 
ascertain the dietary intake of fatty acids as well as 
undertaking an investigation of the de novo synthesis of 
fatty acids by these reptiles. Special attention should 
be given to those fatty acids such as 18:2 which are 
probably not synthesised by the lizard but do appear to 
increase during hibernation. The utilization of unsaturat-
ed fatty acids during hibernation is also of interest. 
Studies of isotopically labelled fatty acids would need to 
be undertaken before the exchanges of fatty acids proposed 
in this study could be verified. 
The method of control of lipolysis has not been con-
sidered but it would be of interest to establish the nature 
of the control mechanisms which must operate at low tem-
peratures during hibernation. 
-' 
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SUMMARY 
1. Each month ten skinks and ten geckos were collected in 
Central Otago. Since lizards could not be caught in 
the field during winter the winter samples were taken from 
artificial hibernation. The fat bodies, liver and repro-
ductive organs were dissected from each lizard and weighed. 
Lipid was extracted from these organs and from the tail and 
remaining carcass. Four times during the year this lipid 
was analysed by thin layer and gas liquid chromatography. 
Liver glycogen was estimated each month. Microscopic 
examination of reproductive organs was undertaken each 
month and the ultrastructure of the liver was compared in 
winter and summer. Enzymatic activity in the liver and 
tail and leg muscle was compared in winter and sununeri. 
2 . Fat Bodies: Fat bodies are important lipid depots in 
skinks, where they are utilized during hibernation and 
egg production in females and during hibernation and breed-
ing in males. Gecko fat bodies however, store only a small 
amount of lipid compared to other origans in the body and 
cannot therefore be regarded as important depot organs. 
The amount of lipid contained in fat bodies is directly 
related to their weight. Analysis of fat body lipid show-
ed that skinks store phospholipids which appear to be 
utilized mainly during winter. The storage of phospholipids 
is unusual as the major lipid component in most adipose 
tissue is triglyceride. 
' .. , 
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3 • Liver: Seasonal fluctuations in liver weight, glycogen 
and lipid ~ere evident in both skinks and geckos. In 
winter there was an increase in liver lipid and a decrease 
in liver glycogen. The decrease in liver glycogen sug-
gests that glycogen was metabolised but this would be un-
likely to account for the entire metabolic needs throughout 
hibernation. The increase in lipid displayed a mobilization 
of fat from storage depots to the liver and acted as the 
major source of energy during winter. Increased esterase 
activity in both skinks and geckos supports the assumption 
that fatty acid oxidation is increased during hibernation. 
The close associatiort of lipid droplets and mitochondria in 
the hibernating liver provides structural evidence which 
suggests that mitochondria metabolise fatty acids in the 
lipid droplets. In the skink there was an overall re-
duction in liver enzymatic activity during winter whereas 
in the gecko liver, enzymatic activity was increased during 
winter suggesting extensive metabolism of fatty acids with 
ketone body production . 
On emergence from hibernation the decrease in liver lipid 
and increase in liver glycogen indicates a change from 
fatty acid metabolism back to carbohydrate sources as feed-
ing resumes. 
Liver anatomy is similar to that described in other lizards. 
The liver pigment, which was identified as melanin, 1.n-
creased during winter. It was assumed to represent the 
degradation of melanin in melanosome complexes. Autophagic 




4. Reproductive Organs: The reproductive cycles of female 
skinks and. geckos superficially resemble those of 
other viviparous temperate lizards which hibernate for 
long periods and produce one clutch per year, but they 
display some unusual aspects. In both species vitello-
genesis takes many months. This gradual yolk deposition 
may be necessary to accumulate sufficient yolk when food 
supplies are not extensive just prior to ovulation . 
Copulation occurs in the summer and spermatozoa are stored 
in the female reproductive tract for seven to eight months. 
Since the presence of spermatozoa in the vagina and the 
initiation of yolk deposition coincided it was proposed 
that copulation may influence the initiation of vitello-
genesis. The long term storage of spermatozoa is an 
adaptation to a cold environment, where copulation can 
occur when the males are in peak condition. This allows 
fertilization to take place on emergence from hibernation 
in spring without being delayed until the male reproductive 
organs develop. This in the turn hastens parturition 
allowing the longest possible time for development of young 
before the next winter. 
Male skinks and geckos emerge from hibernation with small 
testes, testicular recrudescence takes place during spring 
and spermatozoa are released in summer. Testicular 
regression occurs in late sununer and autumn. Geckos 
remain potential breeders for at least five months and 
skinks for at least four months. 







resemble those of other temperate zone lizards. 
Compared to other lizards skinks contain little egg lipid 
which suggests that in this species the placentae may have 
a more active role in supplying nutrients to the embryo 
than in the gecko where a much larger percentage of the eggs 
is lipid. However there was no structural evidence to 
support this proposal since the placentae of both species 
were very similar. 
5. Tail and Carcass: Separate examination of tail and 
carcass lipid revealed that tail lipid comprises an 
extremely important fat depot. Stored tail lipid mainly 
contains triglyceride and so resembles adipose tissue of 
other vertebrates. Tail lipid is utilized during hiberna-
tion in both species .. Histochemical studies show that 
esterase activity in tail and leg muscle is increased in 
winter which suggests that fatty acid oxidation provides 
energy for muscular contraction during winter. In both 
species lipid is utilized extensively in late summer when 
breeding activities begin in males and yolk deposition is 
initiated in females. The tail stores more fat in geckos 
than the fat body but in skinks the tail and fat body store 
almos-t equal amounts of fat. 
The carcass lipid in skinks shows little variation through-
out the year and is therefore not regarded as a lipid depot 
organ but in the gecko it is of particular importance and 
fluctuates almost as much as the tail lipid. Carcass lipid 
is utilized during hibernation and summer breeding in males 
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APPENDIX I: Skink Fat Body, Liver and Gonad Weights and Ratios. 
January 
'\ 
Year No. Sex Lizard Fat Body Liver Gonad 
Wt./g Wt./rng Ratio Wt./rng Ratio Wt./mg Ratio 
1971 1 9 3.5270 54.7 1.55 91.0 2.58 9.4 0.27 
'.) 
2 9 1.9823 26.8 1.35 54.8 2.76 3.8 0.19 
3 9 2.9856 81.3 2.72 134.6 4.51 5.2 0.17 
4 9 4.2675 24.7 0.58 148.6 3.48 5.6 0.13 
5 9 
i 
3.3551 29.8 0.89 98.4 2.93 5.9 0.18 
6 0 3.3758 61.2 1.81 105.0 3.11 138.1 4.09 
7 9 3.4960 100.4 2.87 145.3 4.16 
.~ 
8 0 2.6411 55.4 2.09 77. 3 2.93 84.5 3.19 
9 0 2.8781 52.6 1.83 91. 7 3.18 92.6 3.22 
10 9 2 .5101 2.8 0.11 64.9 2.59 4.8 0.19 I> 
11 9 3.2884 3.3 0.10 90.4 2.75 
12 0 2.8073 45.4 1.62 66.6 2.37 
"' 
1972 1 0 3.6215 98.9 2.73 141.8 3.92 136.7 3. 77 
? 2 0 2.7377 48.6 1. 78 83.5 3.05 
3 9 2. 9603 75.5 2.55 93.6 3.16 7.2 0.24 
4 9 3.3443 34.7 1.04 128.5 3.84 6.7 0.20 
5 0 3.1283 ll0.6 3.54 88.l 2.82 106.5 3.40 
,'.> 6 0 2. 9772 69.4 2.33 88.8 2.98 117.0 3.93 
7 0 2.8107 45.1 1.60 124.7 4.44 105.2 3.74 
) 8 <?. 2.3443 61.6 2.63 94.4 4.03 
9 0 3.0544 109.3 3.58 100.l 3.28 124.0 4.06 
4 10 <;> 2.7800 19.9 0.72 87.1 3.13 6.1 0.22 
Average <;> 3.0701 42.96 1.43 102.64 3.33 6.08 0.20 
Average 0 3.0032 69.65 2.29 96.76 3.21 14.13 3.68 
No. 9 12 12 12 9 9 
No. 0 10 10 10 8 8 
S.D. 9 0.6146 1.03 0.66 0.04 
S.D. 0 0.3042 0.75 0.58 0.36 
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APPENDIX I: Skink (contdc) 
February 
Year No. Sex Lizard Fat Body Liver Gonad 
Weight Weight Ratio Weight Ratio Weight Ratio 
1971 1 9 4.6190 27.7 0.60 152.1 3.29 
2 0 3.3937 77. 3 2.28 89.3 2.63 
3 9 3.6460 72.7 1.99 112.4 3.08 11. 7 0.32 
> 
4 9 4.2420 47.3 1.12 283.9 6.69 10.0 0.24 
'( 
5 9 2.2973 43.0 1.87 74.0 3.22 7.3 0.32 
6 9 3. 7250 28.7 0.77 119.0 3.20 9.0 0.24 
7 0 3.3050 19.5 0.59 90cl 2.73 97.9 2.96 
.:,; 
8 9 3.1456 15.0 0.48 98.6 3.13 8.2 0.26 
9 9 2.6280 15.3 0.58 102.4 3.89 10.8 0.41 
()/ 10 9 2.4753 3.8 0.15 66.2 2.67 4.0 0.16 
1972 1 0 4 .1178 146.5 3.56 133 .2 3.23 149.8 3.64 
"' 2 0 3.3357 73.0 2.19 121. 3 3.64 87.5 2.62 
3 9 3.7679 87.3 2.32 173.5 4.60 10. 2 0.27 
} 
4 9 3.2550 68.7 2.11 108. 7 3.34 12.5 0.38 
5 9 3.1227 100.5 3.22 162.8 5.21 
6 d 3.6334 81.4 2.24 132.4 3.64 
7 9 3.9144 68.9 1. 76 162.1 . 4 .14 16.9 0.43 
~ 
8 9 3.3388 162.4 _,. 4.86 123.7 3.70 13.5 0.40 
9 9 2.9943 94.1 3.14 86.9 2.90 13.5 0.45 
) 
0 10 3.1985 90.9 2. 82 101.1 3.16 89. 9 2.81 
Average 9 3.3694 59.67 1. 78 130.45 3.79 10.63 0.32 
Average 0 3.4974 81.43 2.28 112.23 3.17 106.25 3.01 
> 
No. 9 14 14 14 12 
No. o 6 6 6 4 
S.D. 9 0.6648 1.32 1.09 0.09 
S.D. 0 0.3366 0.98 0.43 0.44 
336. 




Year No. Sex Lizard Fat Body Liver Gonad 
Weight Weight Ratio Weight Ratio Weight Ratio 
1971 1 9 4.2642 102.5 2.40 156.0 3.66 16.5 0.39 ,, 
2 9 3.2837 23.3 0.72 95.3 2.90 
3 0 3.4133 29.0 0.85 84.3 2.47 
t,, 
4 9 2.3239 9.8 0.42 56.6 2.44 8.7 0.38 
5 9 2.9070 37.3 1.28 98.0 3.31 15.6 
,t 
6 0 3.2299 12.1 0.37 84.6 2.62 26.9 0.83 
7 0 2.6556 8.9 0.34 59.4 2;24 23.5 0.88 
.} 
0 8 2.6626 3.7 0.14 58.5 2.19 39.5 1.48 
9 9 2.6024 18.9 0.73 80.9 3.11 12.1 0.46 
10 9 2. 2141 37.5 1.69 64.3 2.90 9.2 0.42 
Cf 
1972 1 9 3. 2113 108.3 3.37 136.1 4.24 16.3 0.51 .. 
2 'i' 3.6292 162.7 4.48 125.6 3 .46 6.7 0.18 
~ 
3 0 3,5923 69.0 1.92 111.0 3.09 39.5 1.10 
4 0 2. 7239 57.3 2.10 86.5 3.18 34.3 1.26 
5 9 2.9754 82.9 2. 79 130. 7 4.39 16.5 0.55 
·.' 
6 9 2 .6211 23.9 0.91 95.4 3.64 14.4 0.55 
I> 7 0 2.7806 48.6 1. 75 96.4 3.47 
' ' 8 0 2.9764 40.4 1.36 99.1 3.33 36.4 1.22 
9 9 2.1935 24.1 1.10 98.4 4.49 9.3 0.43 
) 
10 0 2 .1255 30.8 1.45 56.8 2.67 28.4 1.34 
.. 
Average 9 2. 9296 1.81 3.51 0.47 
Average 0 2.9067 1.14 2.81 1.16 
No. 9 11 11 11 9 
No. 0 9 9 9 7 
S.D. 9 0.6404 1.29 0.66 0.07 
S.D. 0 0.4498 0.74 0.47 0.24 
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Year No. Sex Lizard Fat Body Liver Gonad 
Weight Weight Ratio Weight Ratio Weight Ratio 
1971 l 9 3.6052 32.6 0.90 119 .4 3. 31 18.4 0.51 
'/' 
2 9 4.6764 155.'7 3.33 216.6 4.63 
3 9 3.4367 141.4 4.11 163.3 4.75 123.7 3.59 
"' 0 4 2.6118 13.8 0.53 85.6 3.28 14.0 0.54 
5 
) 
d 2.8393 28.2 0.99 72. 3 2.55 
6 9 3.3418 111.6 3.34 137 .5 4.11 53.0 1.59 
7 9 2. 7267 70.0 2.57 116. 3 4.26 25.6 0.94 
" 8 0 2.5523 56.1 2.19 91.4 3.58 14.1 0.55 
9 9 3.2604 104.8 3.21 127.4 3.91 74.4 2.28 
i 10 9 2.1745 36.9 1.69 94.2 4.33 12.4 0.57 ! ~ 
I 
j 11 0 2.4422 21.5 0.88 75.6 3.09 23.0 0.94 l 
el 1972 1 9 4.6932 235.9 5.03 256.1 5.46 141. 5 3.02 
2 9 5.0147 237.8 4.74 323.8 6.46 284.5 5.67 
3 9 3.7921 158.2 4.17 97.6 2.57 
4 9 4.2134 204.6 4.86 240.1 5.70 74.7 l. 77 
5 <j? 3.1149 221.8 7.12 165.1 5.12 
6 9 4.1750 207.5 4.97 215.5 5.16 68.4 1.64 
~ ,, 
7 0 2.8960 125.3 4.33 117.6 4.06 28.0 0.97 ;-
, . ..._ 
8 0 3.0411 39. 3 1.29 125.4 4.12 24.5 0.81 
9 0 3.2420 56.l 1. 73 121.0 3.73 22.7 0.70 
10 0 3.0288 109.9 3.63 133.2 4.39 11. 7 0.39 
Average 9 3.6515 3.88 4.56 2.05 
" 0 Average 2.8225 1.61 3.53 0.66 
No. 9 14 14 14 11 
No. 0 7 7 7 6 
S.D. 9 0.8226 1.56 1.00 J..55 
S.D. 0 0. 2968 1.05 0.63 0.20 
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I 
'l May !j \ 
11 
Year No. Sex Lizard Fat Body Liver Gonad 




1971 1 0 3.0802 50.9 1.65 89.6 2.91 14.6 0.47 
l 2 0 3.0353 61.2 2.02 93.0 3.06 
! 3 0 3.4356 45.2 1.32 106.2 3.09 20.3 0.59 (>;· 
4 9 3.0756 100.3 3.26 154.2 5.01 
!. -/ 
5 0 3. 5118 39.6 1.13 141.6 4.03 27.1 o. 77 
6 9 3.3478 87.6 2.62 162.8 4.86 199 .0 5.94 ' 
7 0 3.1974 42.2 1. 32 117 .3 3.67 18.4 0.58 ., 
8 0 2. 9654 27.7 0.93 111.4 3.76 18.4 0.61 
9 9 3.6107 131.6 3.64 185.5 5 .14 120.5 3.34 
i 10 0 2.5769 76.2 2.96 86.9 3.37 12.8 0.50 
11 9 2.6266 68.8 2.62 117.1 4.46 89.1 3.39 
"/ 
9 1972 1 2.9805 165.2 5.54 205.1 6.88 
•I 
2 9 3 .1939 199 .6 6.25 172.9 5.41 210.9 6.60 
3 9 3.6529 174.1 4. 77 184.4 5.05 118.9 3.25 
4 0 3.2929 41.1 1.25 105.6 3.20 39.7 1.21 
> 
5 0 3.0584 51. 3 1.68 115.4 3. 77 20.8 0.68 
6 9 2. 7206 71.4 2.62 154.5 5.68 108.1 3.97 
7 9 3.6471 183.1 5.02 180.l 4.94 244,l 6.69 
8 0 2. 7011 40.2 1.49 87.2 3.23 
> 0 9 2.4525 30.4 1.24 76.1 3.10 16.3 0.66 
10 0 2.2361 24.4 1.08 79. 3 3.55 15.6 0.69 
"' 
Average 9 3.2062 4.04 5.27 4. 74 
" 
Average 0 2. 9620 1.51 3.40 0.68 
No. 9 9 9 9 7 
No. 0 12 12 12 10 
S.D. '? 0.3901 1.39 0.69 1.60 
S.D. 0 0.3958 0.55 0. 35 0.21 
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.'I'} --
June 
Year No. Sex Lizard Fat Body Liver Gonad 
Wt./g wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
1970 1 0 1. 7665 7.3 0.41 52.7 2.98 7.7 0.44 
I 
2 0 2.3072 24.0 1.04 96.6 4.19 11.4 0.49 
3 0 2.6223 56.6 2.16 80.6 3.07 14.3 0.55 
4 9 3.4231 140.3 4.10 137.3 4.01 96.9 2.83 
5 0 2.0802 33.l 1.59 90.5 4.35 10.2 0.49 
1971 1 9 2.0020 61. 3 3.06 120.6 6.02 
2 9 2.5749 9.2 0.36 86.3 3.35 32.7 1.27 
3 ?. 3.4557 128.2 3.60 197.8 5. 72 223.l 6.46 
4 9 2.9543 27.9 0.94 107.1 3.63 75.1 2.54 
~ 5 0 2.6172 30.3 1.16 93.7 3.58 
6 9 2.6581 45.0 1.69 134.3 5.05 120.8 4.54 
"' 
7 ?. 2.6840 60.8 2.27 125.6 4.68 100.9 3.76 
8 0 2.0178 7.2 0.36 150.2 7.44 10.2 0.51 
'1 o1 
I 9 0 2.1036 14.3 0.68 71.3 3.39 16.7 0.79 
I 
10 0 2.3885 18.8 0.79 73.8 3.09 17.4 0.73 
" 1972 1 d 3.0075 69.1 2.30 110.6 3.68 28.8 0.96 
2 9 2.9022 124.0 4.27 146.2 5.04 156.2 5.38 
) , 
3 0 2.4244 41.5 1. 71 94.8 3.91 16.0 0.66 
+ 
4 0 2.5710 28.7 1.12 76.9 2.99 17.0 0.66 
5 0 2.3598 15.2 0.64 70.6 2.99 13.1 0.56 
6 9 2.4289 68.6 2.82 156.3 6.44 70.5 2.90 
7 0 2.1925 6.9 0.31 60.9 2.78 
8 0 2.1736 17.8 0.82 75.8 3.49 14.2 0.65 
9 9 2.6938 55.9 2.08 126.6 4.70 139. 7 5.19 
Average?. 2. 7777 2.52 4.86 3.87 
Average 0 2.3309 1.08 3. 71 0.62 
No. 9 10 10 10 9 
No. 0 14 14 14 12 
S.D. 9 0.4368 1.30 1.01 1.65 
S.D. 0 0.3127 0.64 1.18 0.15 
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July 
Year No. Sex Lizard Fat Body Liver Gonad 
Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
1970 1 <j.> 1. 8720 65.1 3.48 83.5 4.46 20.7 1.11 
'/ 
2 0 2.6108 47.9 1.83 88.2 3.38 17.3 0.66 
3 9 2.9003 107.3 3.70 100.7 3.47 143.1 4.93 
ec, 
4 <j.> 2. 3513 42.3 1.80 98.0 4.17 30.4 1.29 
i 
j =I 1971 1 0 2.5667 21.0 0.82 102.5 3.99 
2 0 2.8403 28.4 1.00 92.1 3.24 16.2 0.57 
"' 3 
0 2. 2413 30.2 1. 35 93.2 4.16 13.0 0.58 
4 <j.> 1.8973 22.8 1.20 78.5 4.14 
5 <j.> 2.3135 41.0 1. 77 80.6 3.48 54.1 2.34 
I '~ 6 <j.> 2.6487 30.8 1.16 93.4 3.53 49.4 1.87 I 
7 <j.> 2.5738 53.0 2.06 102.3 3.97 118.0 4.58 
8 <j.> 2.4767 52.7 2 .13 96 .1 3.88 77 .8 3.14 
9 0 2.3096 15.6 0.68 75.9 3.29 13.6 0.59 
,J 
10 0 1.8355 10.l 0.55 47.3 2.58 13.6 0.74 
1972 1 <j.> 3.1090 106.7 3.43 120.l 3.86 135.7 43.6 
). 
2 <j.> 2.7895 80.l 2.87 118.8 4.26 176.5 6. 33 
3 9 3.2300 138.7 4.29 139.7 4.33 161.4 4.99 
) 
' 4 <j.> 2. 7717 74.7 2.69 135 .5 4.89 99.0 3.57 
5 0 2.5784 27.3 1.06 114.0 4.42 16.2 0.63 
;: 
0 6 2.1498 15.3 o. 71 60.3 2.80 19.0 0.88 
7 <j.> 2.1424 78.7 3.67 93.6 4.37 90.2 4.21 
j 
8 0 2.4596 33.3 1.35 88.0 3.58 23.9 0.97 
9 0 2.1810 39.4 1.81 90.3 4.14 
« 
Average <j.> 2.5443 2.63 4.06 3.56 
Average 0 2. 3773 1.12 3.56 0.70 
No. <j.> 13 13 13 12 
No. 0 10 10 10 8 
S.D. <j.> 0.4249 1.03 0.42 1.64 
S.D. 0 0.2904 0.46 0.61 0.15 
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APPENDIX I: Skink (contd.) 
August 
Year No, Sex Lizard Fat Body Liver Gonad 
J Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
';' 1970 1 0 2.5451 27.3 1.07 86.0 3.38 16.6 0.65 
2 ? 3.1602 111.0 3.51 120.6 3.82 216.l 6.84 
3 9 3.7080 144.7 3.90 156.0 4.21 
4 9 1.8515 33.2 1. 79 60.1 3.25 56.3 3.04 
5 0 2.0280 36.7 1.81 78.8 3.89 8.2 0.40 
1971 1 9 1. 7110 24.2 1.41 64.6 3.78 66.8 3.90 
"' 
2 9 1.8980 45.0 2.37 64.0 3.37 102.8 5.42 
3 0 2.0542 3.8 0.19 65.4 3.18 9.3 0.45 
d, 
1972 1 9 2.7682 59.8 2.16 120.3 4.35 174.4 6.30 
2 0 2.2996 17.4 0.76 67.5 2.94 13.0 0.57 
~ 
0 3 1. 9158 15.9 0.83 69.0 3.60 10.9 0.57 
J 
4 0 1. 6673 44.0 2.64 63.2 3.79 7.4 0.44 
5 9 2.8590 83.6 2.92 132.6 4.64 150.,5 5.26 
, 
Average 9 2.5651 2.58 3.92 5.13 
t Average 
0 2.0850 1.22 3.46 0.51 
No. 9 7 7 7 6 
No. o 6 6 6 6 
~ 
S.D. 9 0.7607 0.91 0.51 1.43 
S.D. 0 0.3050 0.87 0.37 0.10 
342. 
I I 
APPENDIX I: Skink (contd.) 
.( September 
Year No. Sex Lizard Fat Body Liver Gonad 
Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
,· 1970 l 0 3.4076 176.2 5.17 12.9 0.38 
2 g 2.8607 18.9 0.66 152.8 5.34 112.8 3.94 
3 9 2.1576 14.6 0.68 89.0 4.13 55.4 2.57 
CL 
4 9 4. 9116 166.5 3.39 288.7 5.88 407.0 8.29 
5 0 3.2192 15.6 0.48 120.4 3.74 9.8 0.30 
6 9 2.6052 42.7 1.64 127.4 4.89 72 .0 2.76 
7 0 2.7540 6.9 0.25 76.0 2.76 13.0 0.47 
4 
8 9 3.7473 51. 7 1. 38 166.8 4.45 268.7 7.17 
9 9 3.8665 84.8 2 .19 167.7 4.35 206.8 5.35 
10 9 4.3382 96 .8 2.23 212.7 4.90 372 .4 8.58 
1971 l 9 2.3904 45.5 1.90 121. 7 5.09 
... 
0 2 2.3754 6.8 0.29 69. l 2.19 
cl 
3 0 2.8030 5.6 0.20 71. 8 2.56 18.3 0.65 
4 9 2 .1366 6.2 0.29 91. 3 4.27 87.4 4.09 
5 0 1. 9785 22.5 1.14 49.7 2.51 10.7 0.54 
6 0 3.2615 39.9 1.22 86.0 2.64 15.1 0.26 
7 0 2.6424 17.9 0.68 132.0 4.99 226.7 8.58 .. 
' 8 
0 3.0438 22.7 0.75 91.3 3.00 17.7 0.58 
9 0 2.8832 16.8 0.58 79.5 2.76 19 .8 0.68 
~ 
10 9 2.9092 58.0 1.99 148.8 5.11 231.8 7.97 
Average 9 3.1423 1.55 4.85 204 .10 5.93 
Average 0 2.8585 0.61 3.04 0.48 
No. 9 11 11 11 10 10 
No. o 9 8 9 8 
S.D. 9 0.9311 0.92 0.52 2.46 
S.D. 0 0.4543 0.39 0.91 0.16 
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October ., 
Yr. No. Sex Lizard Fat Body Liver Gonad Oviducal Egg 
.\ 
Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
1970 1 0 3.1597 10 .1 0.32 91.2 2.89 17.0 0.54 ..,. 
2 9 3.3157 3.4 0.10 92.2 2.78 367.2 11.07 
3 9 3.7605 37.1 0.99 107.4 2.86 459.3 12.21 
t> 
9 4 4.9022 73.7 1.50 130.6 2.66 750.8 15.32 
5 0 1.9166 5.3 0.28 72.5 3.78 10.5 0.55 
6 9 4.3360 78.2 1.80 150.2 3.46 620.9 14.32 
7 9 3.7389 29.1 0.78 149.8 4.01 495.4 13.45 
,; 
8 9 2.8037 15.6 0.56 96.0 3.42 330.8 11. 79 
9 9 2.8004 9.9 0.35 118.4 4.23 366.3 13.08 
t 
10 9 3.5885 22.4 0.62 126.0 3.51 466.7 13.01 
11 9 4.0325 38.1 0.94 204.7 5.08 428.2 10.62 
l>I 1971 1 0 3.3607 19.5 0.58 86.1 2.56 30.6 0.91 
2 9 4.1420 16.0 0.39 77 .o 1.86 10.6 0.26 597.7 14 .43 
,J 
9 3 2.6176 17.7 0.68 58.6 2.24 8.2 0.31 259.3 9.91 
4 9 4.9160 61.2 1.25 108.8 2.21 10.6 0.22 637.3 12.96 
-, 
5 9 2.7916 12.1 0.43 61.4 2.20 
6 9 3.7909 36.6 0.97 97.9 2.58 10.4 0.27 516.4 13.62 
: 
9 7 2.1884 1.8 0.08 54.0 2.47 5.7 0.26 241.4 11. 03 
8 0 2.4439 2.0 0.08 59 .8 2.45 16.6 0.68 
~ 9 0 2.0646 11.1 0.54 54.7 2.65 14.6 o. 71 
10 9 2.4497 11.0 0.45 66.0 2.60 6.6 0.27 406.0 16.57 
Average '? 3.5109 0.74 3.01 0.27 462.91 12.89 
Average 0 2 .5891 0.36 2.87 0.68 
No. 9 16 16 16 6 15 15 
No. 0 5 5 5 5 
S.D. 9 0.8443 0.48 0.87 0.03 1.84 
S.D. 0 0.6460 0.20 0.54 0.15 
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November 
Yr. No. Sex Lizard Fat Body Liver Gonad Oviducal Egg 
Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
1970 1 0 3.0790 25.4 0.82 109.7 3.56 37.4 1.21 t 
2 0 7.4 72.2 12.5 
3 9 8.8 111.8 552.9 
p 
4 0 11.2 97.5 22.0 
5 0 3.5271 15. 7 0.45 98.5 2.79 46.0 1.30 
6 9 3.7807 9.1 0.24 146.l 3.86 
7 9 3.4414 6.0 0.17 73.1 2.12 6.5 0.19 561.5 16.32 
8 9 3.0703 4.0 0.13 77 .8 2.51 4.7 0.15 384.1 J.2.51 
9 9 2.8550 2.9 0.10 95.3 3.34 3.7 0.13 505.4 17.70 
"'I 10 9 2.8478 3.0 0.11 92.7 3.26 6.0 0.21 489.8 17.20 
1971 1 d 3.6423 4.6 0.13 119.2 3.27 51.5 1.41 
2 9 4.2173 3.4 0.08 98.3 2.33 7.0 0.17 586.0 13.90 
) 
3 9 4.5411 13 .o 0.29 120.3 2.65 10.3 0.23 821.0 18.08 
4 d 3.3667 37.2 1.10 115.2 3.42 38.4 1.14 
5 9. 3.5756 4.8 0.13 83.5 2.34 9.5 0.27 468.5 13.10 
6 d 2.5081 15.0 0.60 81.9 3.27 32.6 1.30 
7 9. 3.2583 14.0 0.43 75.8 2.33 
'/ 
8 0 4.1140 14.7 0.36 95.0 2.31 7.5 0.18 695.2 16.90 + 
9 d 2.6860 12.8 0.48 94.6 3.52 
) 
9 10 3.4402 3.9 0.11 56.5 1.64 5.1 0.15 977 .8 28.42 
Average 9 3.5583 0.20 2.61 0.19 604.22 17.13 
Average d 3 .1349 0.60 3.31 1.27 
> 
No. 9 11 11 11 9 10 9 
No. d 6 6 6 5 
S.D. 9. 0.5580 0.12 0.63 0.04 4. 71 
S.D. d 0.4610 0.33 0.28 0.10 
345. 
APPENDIX I: Skink (contd.) 
·'-l December 
Yr. No. Sex Lizard Fat Body Liver Gonad Oviducal Egg 
Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
1970 l 0 2.5420 38.9 1.53 89.l 3.51 60.7 2.39 
2 9 3.2884 10.8 0.33 70.4 2.14 
3 0 2.3355 17.2 0.74 79.5 3.40 35.8 1.53 
4 9 4.4907 3.6 0.08 65.9 1.47 6.2 0.14 1788.9 39.84 
5 d 2.9744 20.2 0.68 98.2 3.30 67.6 2.27 
6 0 3.4430 47.4 1.38 121.2 3.52 95.4 2.77 
.. 7 9 4.4000 4.1 0.09 71.8 1.63 5.1 0.12 1494.3 33.96 
8 9 5.2117 4.7 0.09 103.7 1.99 7.4 0.14 1532.4 29.40 
9 9 3.4768 3.0 0.09 71.2 2.05 4.0 0.12 1002. 8 28.84 
·'/ 10 0 2.2250 23.5 1.06 78.2 3.51 55.5 2.49 
1971 1 () 3.5860 27.4 0.76 100.5 2.80 135 .o 3.76 .. 
2 0 2.7516 27.6 1.00 82.9 3.01 52.7 1.92 
3 0 2.8974 46.6 1.61 85.l 2.94 
4 9 4.5738 21.0 0.46 ll5.0 2.51 
5 9 3.8452 10.8 0.28 133.9 3.48 7.5 0.20 921.9 23.98 
f 
6 9 3.62.23 28.5 0.79 109.3 3.02 4.8 0.11 
) 7 9 3.1680 5.0 0.16 77 .o 2.43 4.5 0.14 
8 9 4.3937 25.4 0.58 77 .9 1. 77 5.0 0 .11 1215.7 27.67 
9 9 4.2477 l. 7 0.04 86.0 2.02 6.2 0.15 1375.0 32.37 
10 9 3.4341 58.5 1. 70 4.6 0.13 944.4 27.50 
I; 
Average 9 4.0127 0.27 2 .18 0.14 30.45 
~ 
Average 0 2.8444 1.10 3.25 2.45 
No. 9 12 11 12 10 8 
No. 0 8 8 8 7 
S.D. 9 0.6304 0.25 0. 59 0.02 4.87 
S.D. 0 0.4885 0.37 0.29 o. 71 
346. 
\ APPENDIX II: Gecko Fat Body, Liver and Gonad Weights and Ratios 
Janua.ry 
Yr. No. Sex Lizard Fat Body Liver Gonad Oviducal Egg 
Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
r 1971 A 0 3. 9683 22.2 0.56 99.3 2.50 34.8 0.88 
B 9 4.4079 25.8 0.58 92.3 2.09 12.8 0.29 
C 9 4.9643 48.0 0.97 143.9 2 .89 26.5 0.53 
"'· 
D 0 4.4532 22.4 0.50 113.5 2.55 19.8 0.44 
A E 9 3.3490 24.5 0.73 91. 7 2.74 13.5 0.40 
F 0 5.4298 38.l 0.70 158.6 2.92 26.7 0.49 
G 9 6.0048 18.3 0.30 143.2 2.38 43.2 0.72 
H 9 5,9847 30.8 0.51 125.6 2.09 21.4 0.36 1417.0 23.68 
I 9 4.1484 17.6 0.42 73.8 1. 78 13.1 0.32 
J 9 2. 5919 8.0 0.31 64.3 2.48 
1972 A 0 6.4353 36.5 0.57 208 .5 3.24 26.3 0.41 
B 0 4.1091 52.5 1.28 136.4 3.32 18.4 0.45 
</. 
C 0 6.0590 71.3 1.18 236.8 3.91 28.1 0.46 
D 0 2.9925 10.9 0.36 75.9 2.54 12. 0 0.40 
E 9. 5.0426 51.4 1.02 178.5 3.54 
F 9 4. 2130 5.7 0.14 101.8 2.42 7.6 0.18 1134.0 26.92 
l G 
9 6.8177 39.1 0.57 223.5 3.28 27.3 0.40 1579.0 23.16 
H 9 7. 7741 60.4 0.78 293.7 3.78 30.0 0.39 1426.2 18.35 
I 9 5.4860 35.3 0.64 118.6 2.16 18.5 0.34 1224.8 22.33 
) 
J 9 5.3957 43.5 0.81 148.2 2.75 18.4 0.34 1148.l 21.28 
Average 9 5.0908 0.60 2.64 0.39 1321.5 22.62 
Average 0 4.7782 0.74 3.00 0.50 
No. 9 13 13 13 11 6 
No. 0 7 7 7 7 
S.D. 9 1. 3990 0.26 0.60 0.14 2. 83 
S.D. 0 1.2389 0.35 0.53 0.17 
347. 
APPENDIX II: Gecko (contd.) -------
February 
Yr. No. Sex Lizard Fat Body Liver Gonad Oviducal Egg 
Wt.jg Wt./mg Ratio Wt./mg Ratio wt./mg Ratio Wt./mg Ratio 
,. 1971 A 0 5.3161 21.6 0.41 151.3 2. 85 15. 3 0.29 
B 0 4.3356 25.1 0.58 J.09.8 2.53 20.0 0.46 
C 9 3.8730 11.2 0.29 130.7 3.37 23.2 0.59 
D d 3. 9633 25.7 0.65 146.5 3.69 10.0 0.25 
E 9 6.1313 29.0 0.47 188.4 3.07 46.4 0.76 
F 9 4.2675 41.5 0.97 155.9 3.65 132. 9 3.11 
G 9 4.6337 19.5 0.42 113.1 2.44 32.2 0.69 
H d 3.4606 15.3 0.44 127.4 3.68 11.4 0.33 
I 9 2.5635 67.2 2.62 7.6 0.30 
J 9 4.8823 37.2 0.76 208.0 4.26 
K 0 4.0642 5.3 0.13 93.6 2.30 
1972 A 9 3. 8117 36.7 0.96 123.8 3.25 
·/ 
B 0 4.9664 66.3 1.34 167.5 3.37 21.4 0.43 
C 9 5.5626 29.6 0.53 146.6 2.64 24.9 0.45 1312.0 23.59 
D 9 6.0363 60,6 1.00 141.6 2.35 40.0 0.66 
E 9 5.0695 19.3 0,38 150.0 2.96 70.8 1.40 1085.0 21.40 
F 0 4.4051 63.7 1.45 142.0 3.22 
G 0 5.4675 42.6 0.78 138.4 2.53 17 .0 0.31 
H 0 5.3201 37.6 o. 71 163.3 3.07 28.7 0.54 
~ 
I 9 3. 9728 45.6 1.15 165.5 4.17 103.6 2.61 
J 0 4.5852 33.9 0.74 139.8 3.05 28.8 0.63 
.. Average 9 4.6186 0.69 3.16 1.17 1198.5 22.50 
Average 0 4.5884 0.72 3.03 0.41 
No. 9 11 10 11 9 2 
No. 0 10 10 10 8 
S.D. 9 1.0693 0.31 0.66 1.01 1.55 
S.D. 0 0.6680 0.40 0.48 0.13 
348. 
APPENDIX II: Gecko {contd.) 
March 
Year No. Sex Lizard Fat Body Liver Gonad 
J Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
1971 A 0 4.3462 17.3 0.39 115.3 2.65 
B ? 4.0285 16.2 0.40 125.2 3 .11 
C 0 5.2760 21.0 0.39 109.0 2.07 16.8 0.32 
D 0 4.0888 25.0 0.61 92.8 2.27 16.5 0.40 
E 0 2.9210 7.5 0.26 77.3 2.65 9.0 0.31 
F 0 4.5442 5.5 0.12 124 .1 2.73 20.8 0.46 
G 0 4.8087 23.2 0.48 127.3 2.65 17.3 0.36 
H ? 4.2911 20.6 0.48 163.2 3.80 122.9 2.86 
I 9 3.3554 4.8 0.14 80.8 2.27 8.5 0.25 
1972 A 0 4.1440 36.7 0.89 126.0 3.04 18.0 0.43 
B 9 3.9184 40.8 1.04 
C ? 3.3809 39.4 1.17 100.5 2.97 11.5 0.34 
, D 9 2. 7155 23.0 0.85 158.0 5.82 
E ? 3.6412 25.5 0.70 133.0 3.65 117.4 3.22 
F 9 2. 9716 22.1 0.74 94.8 3.19 62.4 2.10 
4 
G 9 3.4432 35.2 1.02 133.8 3.89 97.3 2.83 
H 0 3.5103 32.6 0.93 104.0 2 .96 17.4 a.so 
Average 9 3.5273 0.73 3.27 2.49 
) 
Average 0 4.2049 0.51 2.63 0.40 
,-( No. 9 9 9 7 7 
No. 0 8 8 8 7 
S.D. 9 0.5033 0.34 0.57 1.90 
S.D. 0 0.7363 0.29 0.32 0.07 
34 9. 
APPENDIX II: Gecko (contd.) 
Ap1"il 
Year No. Sex Lizard Fat Body Liver Gonad 
J Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
1971 A <.i? 5.0328 15. 3 0.30 244.6 4.86 310.9 6.18 
B <.i? 6.3620 29.2 0.46 294.4 4.63 
C 0 4.4996 16.5 0.37 101.0 2.24 
D <.i? 5.4089 33.0 0.61 173.9 3.22 278.9 5.16 
E 0 5.1163 13.1 0.26 119 .8 2.34 14.8 0.29 
F 0 3.7431 3.0 0.08 87.5 2.34 12.7 0.34 
G 0 5.3143 15,0 0.28 102.8 1.93 20.4 0.38 
H 0 4.0507 22.7 0.56 125.1 3.09 17.0 0.42 
I <.i? 4.0071 42.5 1.06 131.8 3.29 128.3 3.20 
l 





I 1972 A 6.3400 39.5 0.62 189.5 2.99 27.8 0.44 ... 
I c/ 
B <.i? 4.2830 21.5 0.50 173.5 4.05 
C 0 5.4053 38.6 0.71 132.7 2.45 24.5 0.45 
D <.i? 5.7459 38.0 0.66 241.8 4.21 507.7 8.84 
E <.i? 5.8575 29.5 a.so 212.4 3.63 309.6 5.29 
,; 
F <.i? 4.0122 13.0 0.32 127.4 3.18 273.1 6.81 
' 
G <.i? 6.0449 35.6 0.59 210.4 3.48 441.9 7.31 
,• H d 5.8651 30.0 0.51 125.3 2.14 
I <.i? 4.1363 12.2 0.29 152.0 3.67 307.8 7.44 
) 
<.i?: J 3.7016 16.6 0.45 129.0 3.48 293.3 7.92 
-< 
Average 0 4.8824 0.51 3.78 6.48 + 
Average 0 5.0418 0.42 2.44 0.39 
·>. 
No. <.i? 12 12 12 10 
No. 0 8 8 8 6 
S.D. <.i? 0. 9609 0.21 0.55 1.61 
S.D. 0 0.8895 0.21 0.16 0.06 
350. 
APPENDIX II: Gecko (contd.) 
May 
Year No. Sex Lizard Fat Body Liver Gonad 
.j Wt./g Wt./mg Ratio Wt./mg Ratio Wt. /mg Ratio 
1971 A 0 3.7366 16.5 0.44 108.2 2.90 
B 0 5.1025 6.5 0.13 107.6 2.11 16.8 0.33 
C 0 4.2274 14.6 0.35 105.2 2.49 16.0 0.38 
D 0 5.4096 17.5 0.32 172.2 3.18 15.8 0.29 
E 0 4.1281 7.7 0.18 87.6 2.12 21.l 0.51 
F 9 3.6826 1.5 0.04 129.8 3.52 
G 9 3.4450 4.7 0.14 llS.9 3.36 257.8 7.48 
H 9 4.6587 35.3 0.76 169.0 3.63 
I 9 5.2847 7.4 0.14 151.3 2.86 360.0 6.81 
1-
J 9 6.4684 24.5 0.38 199.7 3.09 425.4 6.58 
1972 0 22.2 0.56 128.0 A 3.9093 3.27 
'>' 
B () 5.4085 14.4 0.27 129.2 2 .39 16.4 0.30 
,/ C 0 6.4459 29.6 0.46 165.0 2.56 18.8 0.29 
D 9 4.7638 17.0 0.36 138.l 2.90 398.0 8.35 
E 9 4.5143 17.1 0.38 176.7 3.91 416.8 9.23 
.J 
F 9 4.7929 17.8 0.37 167.6 3.49 449.7 9.38 
G () 3.0983 17.7 0.57 109.4 3.53 
,. H 9 3.2472 11.3 0. 35 111.1 3.42 
I () 4.4860 29.1 0.65 141.3 3.15 20.7 0.46 
' J 9 3.9378 13.1 0.33 155.7 3.95 335.8 8.53 
Average 9 4.4795 0.33 3.41 8.05 
Average () 4.5952 0.39 2. 77 0.37 
~ 
No. 9 10 10 10 7 
No. () 10 10 10 7 
S.D. 9 0.9900 0.20 0.38 l.12 
S.D. () 0.9623 0.17 a.so 0.09 
351. 
APPENDIX II: Gecko (contd.) ., 
June 
Year No. Sex Lizard Fat Body Liver Gonad 
Wt./g Wt./mg Ratio Wt./mg Ratio_ Wt./mg Ra.tio 
1970 A '? 2.5494 23.7 0,93 89.6 3.51 240.6 9.44 
B 0 4.5325 28.4 0.63 177 .o 3.91 22.5 0.49 
C 0 8.0247 25.5 0.32 138. 7 1. 73 17.0 0.21 
~' 
1971 A d 2.4462 4.0 0.16 73.2 2.99 
B 0 3.5774 6.0 0.17 74.6 2.09 14.9 · 0.42 
C 0 3.2143 4.1 0.13 70.6 2.20 8.5 0.26 
D 0 3.6666 13.l 0.36 137 .o 3.74 11. 7 0.32 
E 0 4.9431 48.2 0.98 200.0 4.05 27.2 0.55 
F '? 4.2404 7.0 0.17 138.3 3.26 
G <j> 5.9865 14.5 0.24 186.6 3.12 564.6 9.43 
H '? 3.8304 5.1 0.13 131.5 3.43 322.9 8.43 
I '? 3.9785 7.0 0.18 153.0 3.85 400.0 10.05 
J '? 3.3769 94.6 2.80 404.4 11.98 
,~-1 
1972 A 9 3.9494 9.2 0.23 141.1 3.57 409.9 10.38 
B 9 3.2624 4.3 0.31 107.8 3.30 391.3 11.99 
C '? 3.5730 11.6 0.32 130.4 3.65 
D '? 5.0767 26.2 0.52 210 .5 4.15 311.2 6.13 
E 0 5.3154 40.7 0.76 157.1 2.96 17.0 0.32 
F 0 3.4112 8.2 0.24 113.2 3.32 14.8 0.43 
G 0 4.2297 28.3 0.67 163.9 3.87 13.7 0.32 
H 0 3.4127 9.0 0.26 84.3 2.47 
1 
I <j_> 4.1960 8.5 0.20 166.3 3.96 450.7 10.74 
J d 2.9120 34.0 1.17 87.6 3.01 5.8 0.20 
Average '? 4.0018 0.32 3.51 9.84 
Average d 4.1405 0.49 3.03 0. 35 
No. <j_> 11 10 11 9 
No. d 12 12 12 10 
S.D. <j_> 0.9194 0.24 0.39 1.82 
S.D. d 1.4806 0.35 0.78 0.12 
352. 
APPENDIX II: Gecko (contd.) 
JuZy 
Year No. Sex Lizard Fat Body Liver Gonad 
Wt./g Wt,/mg Ratio Wt./mg Ratio Wt./mg Ratio 
1970 A <;> 5.2640 33.0 0.63 182.3 3.46 490.3 9.31 
B d 4.3902 34.0 0.78 197.4 4.50 10.0 0.23 
C 0 3.2910 16.5 0.50 161.3 4.90 6.2 0.19 
D ~ 2.3100 19.3 0.84 93.2 4.03 250.l 10.83 
E d 8.3842 ll5. 7 1. 38 423.l 5.05 39.0 0.47 
1971 A d 2.8120 4.6 0.16 68.5 2.44 
B 9 4.4976 4.5 0.10 152.0 3. 38 
C d 3.2413 3.1 0.09 74.0 2.28 9.5 0.29 
D 0 4.3257 17.0 0.39 137 .6 3.18 17.4 0.40 
E <;> 4.1086 5,6 0.14 109.5 2.67 445.1 10.83 
F 0 3.0106 4.2 0.24 51.3 1. 70 9.0 0.29 
G <;> 2.7326 7.-2 0.26 89.8 3.29 272.5 9.97 
H 9 2.8336 4.0 0.14 ll8.6 4.19 320.0 11.29 ., 
I 9 2.9170 4.2 0.14 82.2 2.82 271.2 9.29 
1972 A d 5.1557 31.2 
J 
0.61 141.0 2.73 17.8 0.35 
B d 3.1583 8.8 0.29 86.8 2.75 8.2 0.26 
' C I 0 2.3005 13.5 0.59 85.8 3.73 13. 7 0.50 
~ D 9 4.3043 12.4 0.29 167.8 3.89 458.0 10.64 
E 9 2.9704 11. 7 0.39 116.8 3.93 357 .6 12.04 
F 9 2.6008 3.8 0.15 92.2 3.55 324.6 12.48 
G d 2,9144 29.0 0.99 90.5 3.11 
H 9 2.5800 13.6 0.53 80.7 3 .13 
I 9 2.6587 23.5 0.88 103.5 3.89 
.J 9 2.4031 16.0 0.67 75.7 3.15 
~ 
Average 9 3.2447 0.40 3.49 10.74 
Average 0 3 0 9077 0. 55 3.31 0.34 
No. 9 13 13 13 9 
No. d 11 11 11 9 
S.D. 9 0.9536 0.28 0.48 1.11 
S.D. d 1. 7019 0.39 J. .11 0.13 
353. 
APPENDIX II: Gecko (contd.) 
August 
Year No. Sex Lizard Fat Body Liver Gonad 
" Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
1970 A 0 2.0354 10.6 0.52 87.4 4.29 4.1 0.20 
B 9 4 .1124 34.6 0.84 127.8 3.11 315.7 7.68 
C 0 6.2894 63.9 1.02 233.2 3. 71 21. 7 0.35 ,, 
D <? 3.5009 51.6 1.47 153.3 3.86 385.3 11.01 
E 9 3.2600 15.0 0.46 109.8 3.37 369.0 11.32 
1971 A 0 4.3073 12.1 0.28 133.3 3.09 13.7 0. 32 
B 9 5.7287 18.6 0.32 227.8 3.98 571.0 9.97 
C 9 3.0423 10.l 0.33 89.2 2.93 
D 9 3. 7785 7.7 0.20 125.4 3. 32 
E 9 3.1227 102.2 3.27 287.6 9.21 
F 9 3.1051 4.2 0.14 115 .1 3.71 407.6 13.13 .. 
G 9 3.0030 4.0 0.13 107.7 3.59 377 .4 12.57 
H 9 2.2554 2.9 0.13 50.8 2.25 223.7 9.92 
I 9 2.0600 3.3 0.16 60.0 2.91 
J 0 1.8636 6.8 0.36 60.4 3.24 
J 
9 <? 2.4817 5.0 0.20 92.0 3. 71 326.2 13.14 
10 C) 2.2886 3.1 0.14 58.4 2.55 7.5 0.26 
Average 9 3.2876 0.40 3.33 10.88 
Average 0 3.3569 0.46 3.38 0.28 
No. 9 12 11 12 9 
No. o 5 5 5 4 
S.D. 9 0.9700 0.41 0.49 1.87 
S.D. C) 1. 9118 0.34 0.66 0.07 
3 5 4- • 
APPENDIX II: Gecko (contd.) 
September 
Year No. Sex Lizard Fat Body Liver Gonad 
Wt./g wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
1970 A 0 4.0695 13.8 0.34 108.7 2.67 6.5 0.16 
B <j> 4.3434 145.4 3.35 331.4 7.63 
C <j> 5.2051 27.2 0.52 161.4 3 .10 576.5 11.08 'J 
D <j> 5.1270 17.7 0.35 191.5 3.74 588.9 11.49 
E <j> 5.6265 18.6 0.33 125.3 2.23 442.4 7.86 
F <j> 5.2189 9.2 o. 77 175.1 3.36 604.9 11. 59 
.. G <j> 3 .6477 11.2 0.31 100.4 2.75 407.2 11.16 
H 0 2.8524 27.5 0.96 74.l 2.59 5.9 0.21 
I <j> 5.9383 8.8 0.15 188.9 3.18 622.4 10.48 
1971 A <j> 3.6023 7.7 0.21 79.3 2.20 
B <j> 5.6105 6.1 0.11 146.3 2.61 505.3 9.01 
C <j> 3.8325 7.7 0.20 75.1 1.96 510.6 13 .32 
D <j> 6.1706 6.0 0.10 143.7 2.33 662.7 10. 74 
E <j> 4.0325 3.1 0.08 108.6 2.69 381.7 9.47 
F 0 4.0284 8.5 0.21 107.3 2.66 
) 
G 0 5. 0110 19. 4 0.39 108.4 2.16 20.0 0.40 
,) H 0 4.1887 14.3 0.34 110. 3 2.63 12.4 0.29 
I 0 4.3943 7.3 0.17 96.5 2.20 17.4 0.40 
J 0 5.7251 15.0 0.26 125.9 2.20 28.2 0.49 
J 
Average <j> 4.8629 0.28 2.79 512.18 10 .35 
Average 0 4.3242 0.38 2.44 0.33 
No. <j> 12 11 12 11 
No. 0 7 7 7 6 
S.D. <j> 0.9249 0.21 0.56 1. 71 
S.D. d 0.8922 0.27 0.24 0.13 
355. 
APPENDIX II: Gecko (contd.) 
October 
Yr. No. Sex Lizard Fat Body Liver Gonad Oviducal Egg 
Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
.> 
1970 A 9 6.1838 8.8 0.14 134.9 2.18 697.7 11.28 
B 0 3.1326 8.2 0.26 70.9 2.26 14.3 0.46 
C 9 5.3521 19.6 0.37 112.5 2.10 609.0 11. 38 
, .. D ?. 4.9036 5.5 0.11 94.4 1.93 613.0 12.50 
E 0 4.3862 29.0 0.66 137 .6 3.14 13.1 0.29 
F 9 4.5356 6.2 0.14 91.2 2.01 582.9 12 .85 
G 0 5.5571 68.8 1.24 139.5 2.51 22.2 0.40 
H 0 4.5350 14.2 0.31 90.0 1.98 12.3 0.27 
I 9 6.4390 9.0 0.14 152.2 2.36 666.4 10.35 
J 0 5.2632 43.6 0.83 134.0 2.55 16.7 0.32 
1971 A 9 5.4840 38.0 0.69 161.9 2.95 18. 7 0.34 
B 9 6.4230 50.0 0.78 141.5 2.20 48.3 0.75 753.3 11. 73 
C 9 4.6295 4.5 0.10 84.2 1.82 
D 0 4. 6131 23.6 0.51 104.4 2.26 19.5 0.42 
E 0 3.1796 10.8 0.34 108. 7 3.42 11.1 0.35 
j F 9 4. 7617 14.6 0.31 154.4 3.24 23.9 0.50 543.0 11.40 
G 9 6.1026 18.6 0.30 136.1 2.23 30.3 a.so 596.2 9. 77 
) H 9 4.5464 10.2 0.22 88.4 1.94 34.5 0.76 520.6 11.45 
I 0 3.8468 10.1 0.26 92.4 2.40 
) J 9 6.2653 24.2 0.39 153.2 2.45 45.4 0.72 715.5 11.42 
Average ?. 5.4689 0.31 2.28 0.60 629.76 11.41 
Average 0 4.3142 0.55 2.57 0.36 
" No. 9 12 12 12 6 10 10 
No. 0 8 8 8 7 
S.D. 9 0. 7780 0.22 0.42 0.17 0.89 
S.D, 0 0.8857 0.35 0.48 0.07 
356. 
APPENDIX II: Gecko (contd.) 
November 
Yr. No. Sex Lizard Fat Body Liver Gonad Oviducal. Egg 
,, Wt./g wt./mg Ratio Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
1970 A 9 4.4375 9.3 0.21 108.0 2.43 12.3 0.28 544.8 12.28 
B 9 5.0380 11.6 0.23 111.5 2.21 4.0 0.08 627.2 12.45 
C 9 5.9572 57.5 0.97 184.1 3.09 44.6 0.75 651.0 10 .93 ,. 
D d 5.4000 14.2 0.26 123.0 2.28 24.0 0.44 
E d 4. 2115 36.l 0.86 103. 7 2.46 12.0 0.28 
F 9 4.1450 9.6 0.23 84.0 2.03 13.8 0.33 587.4 14.17 
G 9 3.9310 8.6 0.22 93.5 2.38 12 .o 0.31 564.2 14.35 
H d 5.1120 15.7 0.31 86.6 1.69 12.9 0.25 
I d 5. 4571 17.5 0.32 117.4 2.15 22.0 0.40 
J d 4.1453 18.3 0.44 121.2 2.92 11.0 0.27 
1971 A 9 4.6379 14.7 0.32 110.2 2.38 19.7 0.42 
B 9 6.4685 11.0 0.17 104.3 1.61 24.5 0.38 694.2 10.73 
C d 3.6352 8.1 0.22 84.4 2.32 
D d 4.1563 5.0 0.12 92.7 2.23 
E d 4.4594 10.2 0.23 105.2 2.36 26.8 0.60 
F d 4.8143 12.2 0.25 97.8 2.03 28.6 0.59 
,;. G d 4.3317 9.0 0.21 87.5 2.02 28.5 0.66 
H d 5.4247 11.8 0.22 139.7 2.58 26.3 0.48 
I 9 3.3489 14.5 0.43 101.4 3.03 11. 3 0.34 
) 
d J 2.4897 4.2 0.17 54.0 2.17 
Average 9 4.7455 o. 35 2.40 0.36 611. 4 7 12. 49 
Average d 4.4698 0.30 2.27 0.44 
No. 9 8 8 8 8 6 6 
No. o 12 12 12 9 
S.D. 9 1.0422 0.26 0.49 0.19 1.54 
S.D. d 0.8629 0.19 0.31 0.15 
357. 
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APPEJ\.'D IX II : Gecko (contd.) 
> 
December 
Yr. No. Sex Lizard Fat Body Liver Gonad Oviducal Egg 
"~ 
Wt./g Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio Wt./mg Ratio 
1970 A 9 5.4830 9.0 0.16 96.0 1.75 10.5 0.19 476.9 8.69 
B ? 5.1030 16.3 0.32 168.3 3.29 9.3 0.18 940.9 18.44 
C 9 8.9912 119.0 1.32 229.8 2.56 29.2 0.32 1231.l 13.69 
, .. 
D 9 5.1858 23.4 0.45 117 .5 2.27 10.0 0.19 954.2 18.40 
E 9 6.7058 24.4 0.36 153.l 2.28 14.4 0.21 ~1236. 3 18.44 
F 9 4.8151 17.3 0.36 164.6 3.42 13.4 0.28 971.5 20.18 
G 9 7.5791 43.7 0.58 210.9 2.78 12 .6 0.17 1218.0 16.07 
H 9 2.0278 5.3 0.26 64.l 3.16 4.0 0.20 
I 0 4.9208 41.2 0.84 116.5 2.37 9.5 0.19 
J 0 3.8000 18.3 0.48 98.8 2.60 8.2 0.22 
1971 A 0 4.2934 22.7 0.53 146.0 3.40 26.8 0.62 
B 9 4.8538 34.8 o. 72 179.2 3.69 
C 9 5.0539 10.2 0.20 123.1 2.44 11.1 0.22 820.5 16.23 
D 9 4.8064 26.9 0.56 159.4 3.32 13 .2 0.27 
E 9 6.0688 36.2 0.60 114.5 1.89 14.5 0.24 951.4 15.68 
F 9 4.2200 9.2 0.22 95.7 2.27 8.2 0.19 809.l 19.17 
G 9 5 .1964 22.5 0.43 112.6 2.17 23.l 0.44 736.1 14.17 
H 9 6.2570 35.5 0.57 217.0 3.47 14.2 0.23 977 .2 15.62 
I 9 4.4178 11.5 0.26 154.6 3.50 770.6 17.44 
) 
J 9 4.0852 8.9 0.22 103.6 2.54 6.2 0.15 705.3 
Average 9 5.3441 0.45 2.75 0.23 914.94 16.32 
Average 0 4.3381 0.62 2.79 0.34 
" No. 9 17 17 17 15 13 
No. 0 3 3 3 3 
S.D. 9 1.5254 0.28 0.62 0.07 3.00 
S.D. 0 0.5617 0.20 0.54 0.24 
" _, .. ':. ' 
APPENDIX III: Weights and Ratios of Lipid in Skink Fat Body, Liver, Gonads, Carcass and Tail 
January 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % lipid Gonad Gonad % Lipid Carcass Carcass % Lipid Tail Tail % Lipid Weight Lipid Lipid in F.B. lipid Lipid 1n liver Upid Lipid in Gonad lipid Lipid in Carcass Lipid Lipid in Tail 
g Wt.mg Ratio Wt.mg Ratio Ht.mg Ratfo Wt.mg Ratio Wt.mg Ratio 
1971 1 9 3.5270 45.11 1.28 82.47 5.46 0.15 6.0 
2 9 1. 9823 21.84 1.10 81.51 5. 77 ,-- 0.29 10.53 
3 9 2.9856 68.73 2.30 84.54 10.05 0.34 7.47 
4 9 4.2673 20.54 0.48 83.16 6.46 0.15 4.35 
5 9 3.3551 26.22 0.78 88.0 9.77 0.29 9.93 
6 d 3.3758 52.61 1.56 85.97 7.55 0.22 7.19 2.4 0.07 1.74 
7 9 3.4960 94.04 2.69 93.69 16.03 0.46 11.03 
8 d 2.5411 52.13 1.97 49.09 5.88 0.22 7.61 2.4 0.09 2.84 
9 d 2.8781 44.42 1.54 84.45 7.95 0.28 8.67 3,0 · 0.10 3.24 
10 9 2.5101 3.72 0.15 5.73 
11 9 3.2884 3.78 0.11 5.67 
12 d 2.8073 5.89 0.21 6.51 
1972 1 d 3.6215 89.35 2.47 90.34 11.87 0.33 8.37 3.2 0.09 2.34 123.34 3.41 5.55 151.33 4.18 19.51 
2 d 2.7377 43.74 1.60 90.0 6.32 0.23 7.57 
3 9 2.9603 68.14 2.30 90.25 7.31 0.25 7.81 0.22 0.22 3.06 74.0 2.50 3.51 113.0 3.82 23..49 
4 9 3.3443 28.45 0.85 81.98 7.83 0.23 6.09 0.20 0.20 2.98 69.11 2.07 2.81 61.87 1.85 14.46 
5 0 3.1283 100.25 3.20 90.64 9.38 0.30 10.65 2.2 0.07 2.07 63.55 2.03 3.14 110.33 3.53 16.46 
6 0 2.9772 61.39 2.06 88.46 8.34 0.28 9.39 3,0 0.10 2.56' 109.99 3.69 5.67 122.02 4.10 20.89 
7 d 2.8107 35.53 1.26 78.79 10.47 0.37 8.40 2.6 0.09 2.47 84.67 3.01 4.68 108.17 3.85 19.09 
8 9 2.3443 51.82 2.21 48.13 9.94 0.42 10.53 
9 d 3.0544 101.57 3.33 92.93 9.61 0.31 9.60 3.75 0.12 3.02 68.93 2.26 3.50 120.25 3.94 18.03 
10 9 2.7800 18.04 0.65 90.65 7.76 0,28 8.91 0.1S 0.01 56.22 2.02 2.88 59.00 2.12 11.36 
Average 9 44.29 1.46 7 .82 0.26 7.84 0.20 0.01 3.02 66.44 2.20 77.% 2.60 
Average o 64.55 2.11 8.21 0.28 8.40 2.82 0.09 2.54 90.10 2.88 122.42 3.92 
\' 
No. 9 10 10 12 12 12 3 3 3 3 3 3 
No. o 9 9 10 10 10 8 8 8 5 5 5 5 
S.D. 9 25.89 0.82 3.38 0.11 0.02 9.19 0.26 30.38 1.07 w (.J1 
S.D. o 25.61 0.74 2.10 0.05 0.52 0.02 25.90 0.72 17.25 0.25 (X) 
.-/ ... V ..._ ~ \, 
APPENDIX III: Sldnk (contd.) 
February 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % Lipid Gonad Gonad % Lipid Carcas:s Carcass % Lipid Ta'll Tail % Lipid 
~lei ght Lipid Lipid in F.B. Lipid Lipid in Liver Lipid Lipid in Gonad Lipid Lipid in Carcass lipid Lipid in Tail 
g Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio ~It.mg Ratio Wt.mg Ratio 
1971 1 'i' 4.6190 19.18 0.42 69.23 12.94 0.28 8.51 
2 d 3.3937 59.08 1.74 76.43 9.67 0.28 10.83 
3 9 3.6460 53.06 1.46 72.99 8.42 0.23 7.49 0.34 0.01 2.91 83.59 2.29 3.32 157.41 4.32 20.35 
4 9 4.2420 45.94 1.08 97.13 20.78 0.49 7.32 0.29 0.01 2.90 85.06 2.01 2.89 97.5 2.30 10.94 
5 9 2.2973 34.40 1.50 80.0 11.40 0.50 15.41 0.21 0.01 2.88 52.31 2.28 3.19 69.31 3.02 15.56 
6 9 3.7250 21.43 0.58 74.67 10.59 0.28 8.88 0.26 0.01 2.89 59 .15 1.59 2.22 45.15 1.21 7.42 
7 d 3.3050 14.33 0.43 73.47 8.14 0.25 9.03 2.44 0.07 2.49 56.22 1.70 2.47 43.86 1.33 6.35 
8 9 3.1456 11.01 0.35 73.39 9.34 0.30 9.47 0.24 0.01 2.92 47.91 1.52 2.01 28.44 0.90 6.73 
9 '? 2.6280 11.37 0.43 74.29 4.37 0.17 4.27 0.31 0.01 2.87 43.51 1.66 2.26 25.5 . 0.97 5.18 
10 '? 2.4753 3.17 0.13 4.79 0.11 2.75 38.86 1.57 2.03 1:17 0.29 2.96 
1972 1 d 4.1178 125.6 3.05 85.73 14.36 0.35 10.75 2.89 0.07 1.93 109.99 2.67 4.10 206.08 5.00 23.84 
2 d 3.3357 63.0 1.89 86.3 16.35 0.49 13.48 2.89 0.09 3.30 74.80 2.24 3.42 133.26 3.99 18.67 
3 9 3.7679 78.8 2.09 90.26 16.38 0.43 9.44 0.21 0.01 2.06 67 .71 1.80 2.62 127.13 3.37 17.48 
4 9 - 3.2550 61.2 l.88 89.09 9.47 0.29 8.71 0.25 0.01 2.00 66.97 2.06 2.99 95.5 2.93 15.91 
5 9 3.1227 85.4 2.73 84.97 21.15 0.68 12.99 
6 d 3.6334 71.8 1. 93 88.20 17.97 0.49 13.50 
7 9 3.9144 56.6 1.45 80.85 17.49 0.45 10.79 0.34 0.01 2.01 74.8 1.91 2.88 132.79 3.39 17.28 
8 9 3.3388 135.0 4.04 83.12 11.91 0.36 9.63 0.10 0.74 80.42 2.41 3.53 115.83 3.47 20.72 
9 9 2.9943 84.4 2.82 89.69 9.21 0.31 10.60 0.10 0.74 75.28 2.51 3.32 58.33 1.95 15.61 
10 d 3.1985 81.8 2.56 89.98 10.24 0.32 10.13 3.2 0.10 3.56 60.23 1.88 2.91 "'104.83 3.28 18.08 
Average'? 53.68 l.60 11.90 0.35 9.10 0.23 0.01 2.31 64.63 1.97 80.01 2.34 
Average d 69.27 1. 93 12.77 0.36 1L29 2.86 0.08 2.82 75.31 2.12 122.01 3.40 
\. 
No. 9 13 13 14 14 14 12 12 12 12 12 12 12 
No. d 6 6 6 6 6 4 4 4 4 4 4 4 
(J.) 
S.D. 9 35.98 1.11 5.43 0.15 0.09 16.04 0.35 48.21 1.27 (Tl 
<.O 
S.D. 6 36.05 0.89 3.97 0.10 0.31 0.02 0.75 24.46 r0.43 67.32 1.55 
'y 
_; ... '"c...../ .,..., " ":. 
APPENDIX III: Skink (contd.) 
March 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % Lipid Gonad Gonad % Lipid Carcass Carcass % lipid Tail Tan ,; Lipid 
Weight lipid lipid in F.B. lipid Lip1d in Liver Lipid Lipid fn Gonad Lipid Lipid in Carcass lipid Lipid in Tail 
g Wt.mg Ratio Wt.mg Ratio Wt.mg R.:tio Wt.mg Ratio Wt.mg Ratio 
1971 1 9 4.2642 97.14 2.28 94.77 16.71 0.39 10.71 0.64 0.02 3.88 138.59 3.25 4.38 114. 74 2.69 17.17 
2 9 3.2837 21.11 0.64 90.58 3.40 0.10 3.57 
3 0 3.4133 24.89 0.73 85.84 6.73 0.20 7.98 
4 9 2.3239 8.78 0.38 89.55 5.89 0.25 10.42 0.34 0.01 3.91 47.93 2.06 2.86 27.83 1.20 5.73 
5 9 2.9070 35.42 1.22 94.95 6.63 0.23 6.77 0.60 0.02 3.85 75.28 2.59 3.19 19.5 0.67 6.11 
6 d 3.229~ 6.04 0.19 7 .14 82.37 2.55 3.61 30.5 0.94 4.40 
7 d 2.6556 5.77 0.22 9.71 51.19 1.93 2.84 36.39 1.37 6.46 
8 d 2.6626 3.88 0.15 6.64 50.84 1.91 2.73 26.46 0.99 4.77 
9 .9 2.6024 16.06 0.62 84.97 5.28 0.20 6.53 0.47 0.02 3.88 57.20 2.20 2.88 37.33 1.43 8.30 
.10 9 2.2141 27.84 1.26 74.24 3.45 0.16 5.36 0.36 0.02 3.91 45.22 2.04 2.59 17.5 0.79 6.79 
1972 1 9 3. 2113 96.44 3.00 96.44 10.15 0.32 7.46 0.81 0.03 4.97 94.11 2.93 4.18 90.83 2.83 15.95 
2 9 3.6292 146.0 4.02 89.74 8.0 0.22 6.45 100.22 2.i6 3.81 91.5 2.52 14.37 
3 0 3.5923 56.8 1.58 82.32 8.64 0.24 7.78 · 2.0 0.06 5.06 89.22 2.48 3.54 102.5 2.85 14.59 
4 d 2.7239 49.27 1.81 85.99 4.90 0.18 5.68 2.0 0.07 5.83 63.55 2.33 3.36 59.21 2.17 11.36 
5 9 2.9754 73.45 2.47 88,60 10.87 0,37 8.32 0.82 0.03 4.97 57.93 1.95 2.84 127.76 4.29 20.82 
' 
6 9 2.6211 21.27 0.81 88.99 8.50 0.32 8.91 0.71 0.03 4.93 74.06 2.83 4.03 107.28 4.09 18.97 
7 d 2.7806 39.64 1.43 81.56 5.49 0.20 5.70 
8 0 2.9764 36.0 1.21 89.11- 7.01 0.24 7.07 1.6 0.05 4.40 66.97 2.25 3.06 76.76 2.58 13.77 
9 9 2.1935 21.4 0.98 88.79 9.77 0.45 9,93 0.46 0.02 4.95 43.99 2.01 2.68 31.83 1.45 9,96 
10 d 2.1255 26.2 1.23 85.06 3.55 0.17 6.25 1.4 0.07 4.93 
Average 9 51.36 1.61 8.06 0.27 7.68 0.58 0.02 4.36 73.45 2.46 56.91 2.20 
Average o 38.80 1.17 5.78 0.20 7 .04 1.75 0.06 5.06 67.36 2.:24' 55.30 1.82 
No. 9 11 11 11 11 11 9 9 9 10 10 10 10 
No. d 6 6 9 9 9 4 4 . 4 6 6 6 6 w (J) 
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APPENDIX III: Skink (contd.) 
April 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % Lipid Gonad Gonad % Lipid Carcass Carcass % lipfd Tail Tail % Lipid 
Weight Lipid Lipid in F.B. Lipid li::>id in Liver Lipid Lipid in Gonad Lipid Lipid in Carcass Lipid lipid in Tail 
g Wt.mg Ratio Ht.mg Patio Wt.mg Ratio · Wt.mg Ratio Wt.mg Ratio 
1971 1 9 3.6052 27.68 0.77 84.90 12.76 0,35 10.69 97.29 2.70 3.30 
2 9 4.6764 138.36 2.96 88.86 13.60 0.29 6.28 
3 9 3.4367 123.56 3.60 87.38 9.93 0.29 6.08 11.0 0.32 8.89 83.84 2.44 3.73 109.44 3.18 18.38 
4 ci 2. 6118 9.46 0.36 68.52 4.58 0.17 5.35 0.71 0.03 5.07 37.16 1.42 1.98 21.39 0.82 4.53 
5 0 2.8393 21.36 - 0. 75 75.73 9.93 0.35 13.73 
6 9 3.3418 90.70 2.71 81.27 11. 92 0.36 8.67 4.62 0.14 8.72 62.33 1.87 2.73 56.04 1.68 9.59 
7 9 2.7267 56.54 2.07 80.77 9.89 0.36 8.51 2.23 0.08 8.71 
8 ci 2.5523 45.64 1. 79 81.36 9.55 0.37 10.45 0.72 0.03 5.11 113.42 4.44 6.26 56.0 2.19 12.65 
9 9 3.2604 88.00 2.70 83.97 9.69 0.30 7.61 6.48 0.20 8.71 61.84 1.90 2.88 89.83 2.76 14.12 
10 9 2.1745 32.99 1.52 89.40 7.03 0.32 7.46 52.67 2.42 3.48 59.09 2.72 15.70 
11 ci 2.4422 1.17 0.05 5.09 47.56 1.95 2.67 31.33 1.28 8.90 
1972 1 ? 4.6932 190.6 4.06 80.80 17.13 0.36 6.69 10.4 0.22 7.35 100.95 2.15 3.48 191.GO 4.07 21.25 
2 " 5.0147 211.8 4.22 89.07 26.00 0.52 8.03 26.2 0.52 9.21 109 .75 2.19 3.46 146.41 2.92 
18.05 , 
3 9 3.7921 139.2 3.67 87.99 12.02 0.32 12.32 84.82 2.24 3.20 124.83 3.29 17.65 
4 ? 4.2134 J.84.8 4.39 90.32 20.91 0.50 8.71 6.8 0.16 9.10 113.90 2.70 4.23 218.07 5.18 27.68 
5 9 3.1149 202.0 6.48 91.07 14.33 0.46 8.68 
6 9 4.1750 175.0 4.19 84.34 15.84 0.38 7.35 5.8 0.14 8.48 112.20 2.69 4.08 172.43 4.13 19.77 
7 9 2.8960 109.4 3.78 87.31 8.42 0.29 7.16 2.8 0.10 10.00 83.41 2.88 4.31 104.44 3.61 17.76 
8 0 3.0411 32.8 1.08 83.46 8.33 0.27 6.64 1.8 O.C'6 7.35 73.82 2.43 3.70 63.58 2.09 10.77 
9 ci 3.2420 43.4 1.34 77.36 7.70 0.24 6.36 1.2 0.04 5.29 72.35 2.23 3.35 64.05 1.98 9.93 
iO ci 3.0288 95.0 3.14 86.44 14.96 0.49 11.23 0.8 0.03 6.84 
Average 9 126.47 3.37 13.53 0.36 8.16 8.48 0.21 8.80 87.55 2.38 127.16 3.35 
Average o 41.28 1.41 9.18 0.32 8.96 1.07 0.04 5.79 68.86 2.49 47.27 1.67 
No. 9 14 14 14 14 14 9 g 9 11 11 10 10 
No. ci 6 6 6 6 6 6 6 6 5 5 5 5 w 
0) 
S.D. 9 61.77 1.41 5.14 0.08 7.28 0.14 21.50 0.34 54.45 0.96 I-' 
S.D. ci 29.63 0.98 3.41 O. ll '0.42 0.01 29.50 1.15 19.67 0.60 
------· --- -----· 
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APPENDIX II I: Skink (contd.) 
May 
Year No. Sex Lizard F.B. F.B. % lipid Liver liver % lipid Gonad Gonad % Lipid Carcass Carcass % Lipid Tail Tail % Lipid 
\oieight Lipid Lipid in F.B. Lipid Lipid in Liver Lipid Lipid in Gonad lipid lipid in Carcass Lipid Lipid in Tail 
g Ht.mg Ratio Wt.mg Ratio Wt. mg Ratio Wt.mg Ratio Wt.mg Ratio 
1971 1 0 3.0802 45.06 1.46 88.52 0.55 0.02 3.77 63.20 2.05 2.92 41.25 1.34 6.60 
2 ci 3.0353 51.55 1.70 84.23 
3 0 3.4356 35.97 1.05 79.58 8.5g 0.25 8.09 0.77 0.02 3.79 77.24 2.25 3.27 70.17 2.04 9.39 
4 9 3.0756 86.87 2.82 86.61 11.90 0.39 7.72 
5 0 3.5118 36.06 1.03 91.07 8.43 0.24 5.95 1.8 0.05 6.64 62.04 1.77 2.54 66.48 l.89 9.36 
6 9 3.3478 77.76 2.32 88.77 7.67 0.23 4.71 16.57 0.50 a.:n 69.66 2.08 3.34 92.26 2.76 16.01 
7 0 3.1974 39.71 1.24 94.09 10.59 0.33 9.03 0.70 0.02 3.80 95.80 3.03 4.24 94.00 2.94 14.52 
8 0 2.9654 25.97 0.88 93.76 9.68 0.33 8.69 0.70 0.02 3.80 55.48 1.87 2.80 46.75 1.58 8.46 
9 9 3.6107 97.90 2.71 74.39 8.01 0.22 4.32 8.25 0.23 6.85 83.60 2.32 3.40 69.10 1.91 15.74 
10 0 2.5769 66.81 2.59 87.68 4.83 0.19 5.56 0.48 0.02 3.75 
11 9 2.6266 62.55 2.38 90.91 6.09 0.23 5.20 8.0 0.30 8.98 49.37 1.88 2.77 44.98 1.71 11.68 
1972 1 9 2.9805 87 .11 2.92 52.73 20.20 0.68 9.85 
2 9 3.1939 181.0 5.67 90.68 12.90 0.40 7.46 22.0 0.69 10.43 87.99 2.75 4.26 69.83 2.19 
18.40 
3 9 3.6529 155.0 4.24 89.03 10.05 0.28 5.45 12.44 0.34 10.46 90.93 2.49 3.79 116.42 3.19 17.63 
4 0 3.2929 35.6 1.08 86.62 6.77 0.21 6.41 1.8 0.05 4.53 67.71 2.06 2.67 48.17 1.46 
9.14 
5 ci 3.0584 40.8 1.33 79.53 9.15 0.30 7.93 1.4 0.05 6.73 62.51 2.04 3.03 53.75 1.76 
8.41 
6 9 2.7206 61.50 2.26 86.13 12.34 0.45 7.99 11.33 0.42 10.48 55.97 2.06 3.16 86.67 3.19 15.91 
7 9 3.6471 161.2 4.42 88.04 10.64 0.29 5.91 91.17 2.50 2.50 153.83 .ll.22 22.78 
8 0 2, 7011 31.4 1.16 78.11 8.89 0.33 8.89 
9 0 2.4525 25.0 1.02 82.34 7.01 0.29 9.21 1.6 0.07 9.82 48.88 1.99 2.72 32.0 
1.30 8.0 
10 0 2.2361 21.4 0.96 87.70 5.76 0.28 7.27 2.2 0.10 14.10 43.99 1.97 2.78 32.33 1.46 
8.99 
Average 9 107.88 3.30 11.09 0.35 6.51 13.10 0.41 9.26 75.53 2.30 90.44 2.74 
Average o 37.94 1.29 7.97 0.28 7.59 1.20 0.04 6.07 64.21 2.11 53.88 1.75 
No. 9 9 9 9 9 9 6 6 5 7 
7. 7 7 
No. d 12 12 10 10 10 10 10 10 9 9 9 9 w 
s.o. 9 45.41 1.19 4.12 0.15 5.37 0.16 17.34 0.31 35.72 0.88 
0) 
l'0 
S.D. o 12.51 0.47 1.82 0.05 0.63 0.03 3.46 15.70 0.37 20.06 0.51, 
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APPENDIX III: Skink (contd.) 
June 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % Lipid Gonad Gonad % Lipid Carcass Carcass % Lipid Tail Tail % Lipid 
Weight Lipid Lipid in F .B. Lipid Lipid in Liver Lipid Lipid in Gonad Lipid Lipid in Carcass Lipid Lipid in Tail 
g Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg R,itio Wt.mg Ratio 
1971 1 9 2.0020 55.5 2.77 90.54 6.54 0.33 5.42 
2 'i? 2.5749 5.27 0.20 57.28 5.64 0.22 6.54 3.80 0.15 11.62 58.67 2.28 3.12 19.33 0.75 4.50 
3 g 3.4557 112.36 3.25 87.64 13.51 0.39 6.83 22.4 
\ 
0.65 10.04 79.00 2.29 3.93 176.40 5.10 24.30 
4 g 2.9543 22.36 0.76 80.14 7.39 0.25 6.90 7.75 0.26 10.31 61.60 2.09 2.87 17.67 0.60 4.00 
5 0 2.6172 26.73 1.02 88.22 
6 9 2.6581 38.55 1.45 85.67 7.91 0.30 5.89 11.2 0.42 9.27 32.63 1.23 1.88 74.80 2.81 13.83 
7 9 2.6840 51.64 l.92 84.93 8.74 0.33 6.96 9.78 0.36 9.69 73.26 2.73 3.90 45.40 1.69 10.70 
8 0 2.0178 2.9 0.14 40.28 6.07 0.30 4.04 0.37 0.02 3.63 51.06 2.53 3.65 45.40 2.25 11.53 
9 0 2 .1036 10.36 0.49 72.48 6.42 0.32 9.00 0.61 0.03 3.65 48.00 2.28 3.09 19.00 0.90 5.17 
10 0 2.3885 14.55 0.61 77 .39 4.79 0.20 6.50 0.62 0.03 3.56 48.50 2.03 2.87 32.58 1.36 6.59 
1972 1 0 3.0075 55.2 1.84 79.88 10.76 0.36 9.73 1.4 0.05 4.86 76.02 2.53 3.54 44.33 1.47 8.85 
2 9 2.9022 108.8 3.75 87.74 11.35 0.39 7.76 19.0 0.65 12.16 70.40 2.43 4.08 105.19 3.62 16.64 
3 d 2.4244 34.4 1.42 82.89 10.05 0.41 10.60 1.2 0.05 7.50 62.82 2.59 3.79 65.70 2.71 12.25 
4 d 2.5710 21.0 0.82 73.17 7.21 0.28 9.38 0.6 0.02 3.53 51.57 2.01 2.93 38.63 1.50 6.92 
5 0 2.3598 8.8 0.37 57 .89 10.55 0.45 14.94 0.5 0.02 3.82 46.68 1.98 2.93 30.33 1.29 5.38 
6 9 2.4289 52.2 2.15 76.09 13.00 0.54 8.32 9.33 0.38 13.23 56.71 2.33 3.65 63.17 2.60 17.27 
7 d 2.1925 2.2 0.10 31.88 4.52 0.21 7.42 
8 0 2.1736 13.8 0.63 77.53 6.00 0.28 8.02 0.66 0.03 4.65 
9 g 2.6938 45.8 1. 70 81.93 10.66 0.40 8.42 13.0 0.48 9.31 48.64 1.81 2.88 66.83 2.48 11.14 
Average 9 54.72 1.99 9.42 0.35 7.00 12.03 0.42 10.70 60.11 2.15 71.10 2.46 
Average o 18.99 0 .. 74 7.38 0.31 8.85 0.75 0.03 4.4 54.95 2.28 39.42 1.64 
No. 9 9 9 9 9 9 8 8 8 8 8 8 8 
No. o 10 10 9 9 9 8 8 8 7 7 7 7 
S.D. 9 35.53 1.14 2.83 0.09 6.05 0.17 14.82 0.45 51.46 1.48 w (J) 
S.D. o 16.26 0.55 2.45 0.08 0.36 0.01 1.35 10.73 0.27 14.71 0.62 w 
)' 
~ ,. . <> ,..,. ~/ ·'-__., .'",I. V \II" .. ,.. ~ ........ (> g- ..,, :¥ 'it>- " '.I_,. V -.,. '1 '( V ),- V \.o, \,- >, .... ~ ;;-
APPENDIX III: Skink (contd.) 
July 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % Lipid Gonad Gonad % Lipid Carcass Carcass % Lipid Tail Tail % Lipid 
Weight lipid Lipid in F.B. Lipid Lipid in Liver Lipid Lipid in Gonad Lipid Lipid in Carcass Lipid Lipid in Tail 
g I-it.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio 
1971 1 ci 2.5667 12.6 0.49 60.00 13.52 0.53 13.19 
2 ci 2.8403 21.6 0.76 76.06 12.08 0.43 13.12 1.2 0.04 6.94 55.73 1. 96 2.76 40.91 1.44 7.22 
3 ci 2.2413 22.8 1.02 75.50 12.07 0.54 12.95 0.39 0.02 62.08 2.77 3.94 28.41 1.27 6.59 
4 '? 1.8973 15.8 0.83 69.30 4.71 0.25 6.0 
5 '? 2.3135 30.0 1.30 73.17 5.18 0.22 6.43 7.6 0.33 14.0S 43.99 1.90 2.93 31.92 1.38 6.35 
6 '? 2.6487 21.2 0.80 68.83 7.68 0.29 8.22 6.75 0.25 13.66 69.91 2.64 3.69 37.00 1.40 8.11 
7 '? 2.5738 38.4 1.49 72.45 9.19 0.36 8.99 14.0 0.54 11.86 53.28 2.07 3.12 47.33 1.84 9.53 
8 '? 2.4767 39.0 1.57 74.00 6.75 0.27 7.02 8.6 0.35 11.05 54.10 2.18 3.13 40.14 1.62 9.49 
9 ci 2.3096 6.0 0.26 38.46 8.46 0.37 11.15 0.41 0.02 3.01 45.71 1.98 2.76 15.63 0.68 3.27 
lO ci l.8355 5.4 0.29 53.46 6.31 0.34 13.33 0.41. 0.02 3.01 39.53 2.15 3.02 13 .12 0.71 3.09 
1972 1 '? 3.1090 94.8 3.05 88.85 13.80 0.44 11.49 15.55 0.50 11.46 70.88 2.28 3.49 94.33 3.03 15.47 
2 '? 2.7895 69.25 2.48 86.45 12.07 0.43 10.16 20.6 0.74 11.67 67.22 2.41 3.77 100.64 3.61 
18.30 
3 '? 3.2300 121.0 3.75 87.24 13.82 0.43 9.89 17.75 0.55 11.00 86.53 2.68 4.27 132.11 4.09 
19.79 
4 '? 2.7717 66.75 2.41 89.36 10.41 0.38 7.68 11.56 0.42 11.68 60.37 2.18 3.45 76.69 2.77 
12.66 
5 ci 2.5784 22.44 0.87 82.20 18.50 0.72 16.68 1. 2 0.05 7.41 71.62 2.78 4.06 
56.31 2.18 9.67 
6 ci 2.1498 11. 4 C.53 74. 51 10. 62 0.49 17.63 1.6 0.07 8.42 54.50 2;54 3.47 
33.50 1.56 7.72 
7 '? 2.1424 68.6 3.20 87.17 9.58 0.45 10.24 10.2 0.48 11.31 47.67 2.23 3.49 
79.00 3.69 17 .11 
8 ci 2.4596 24.67 1.00 74.08 16.22 0.66 18.43 2.0 0.08 8.37 54.51 2.22 2.22 
41.00 1.67 7.76 
9 ci 2 .1810 31. 0 1.42 78.68 16. 77 0.77 18.57 
Average '? 56.48 2.09 9.32 0.35 8.98 12.51 0.46 11. 97 61.55 2.29 71.02 2.60 
Averaged 17.55 0.74 12.73 0.54 15.00 1.03 0.04 6.19 54.81 2.34 32.70 1.36 
No. '? 10 10 10 10 10 9 9 9 9 9 
9 9 
No. ci 9 9 9 9 9 7 7 6 7 7 
7 7 
S.D. 9 33.80 1. 04 3.28 0.09 22.90 0.15 13.41 0.25 
34.37 1.07 C,.) 
m 
S.D. ci 8.96 0.38 3.99 0.15 0.65 0.03 2.53 10.43 0.35 15.21 
0.53 +=" 
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APPEtmix III: Skink (contd.) 
August 
Year No. Sex Lizard F.B. F.B. % lipid liver liver % lipid Gonad Gonad % Lipid Carcass Carcass % lipid Tail Tail % lipid 
Weight Lipid lipid in F.B. Lipid Lipid in liver Lipid lipid in Gonad Lipid lipid in Carcass Lipid lipid in Tail 
g lit. mg Ratio Wt. mg Ratio Wt. mg Ratio Wt.mg Ratio Wt.mg Ratio 
1970 1 0 2.5451 17.21 0.68 20.01 
2 9 3 .1602 14.11 0.45 11. 7 
3 9 3.7080 7.80 0.21 5.0 
4 9 1. 8515 7.99 0.43 13.3 
5 d 2.0280 9.06 0.45 11. 5 
1971 1 9 1.7110 22.0 1.29 90.91 6.18 0.36 9.56 11.25 0.66 16.84 34.71 2.03 2.95 39.88 2.33 11.53 
2 9 1.8980 38.6 2.03 85.78 5.74 0.30 8.97 14.0 0.74 13.62 44.24 2.33 3,28 34.50 1.82 11.36 
3 0 2.0542 0.0 - 4.65 0.23 7.11 2.0 0.01 21.51 36.18 1. 76 2.19 2.75 0.13 1.16 
1972 1 9 2.7682 49.2 1. 78 82.27 9.47 0.34 7.78 47 .8 1. 73 27.41 67.22 2.43 3.84 69.08 2.50 12.02 
2 d 2.2996 13.0 0.57 74.71 6.01 0.26 8.91 1.2 0.05 9.23 54.75 2.38 3.42 28.50 1.22 5.28 
3 0 1. 9158 14.0 0.73 88.05 11.00 0.57 15.95 1.0 0.05 9.17 47.67 2.49 3.48 32.41 1.69 8.06 
4 d 1. 6673 38.6 2.32 87.73 10.G,2 0.62 16.49 1.4 0.08 18.92 44.36 2.66 3.80 34.83 2.09 10.34 
5 9 2.8590 73.4 2.57 87.80 12.11 0.42 9.13 19.0 0.66 12.62 69.91 2.45 3.81 98.80 3.46 16.87 
Average 9 45.80 1.92 9.06 0.35 9.35 23.01 0.95 17.62 54.02 2.31 60.57 2.53 
/l.verage o 16.40 . 0.91 9.73 0.47 13.33 1.40 0.05 14.71 45.74 2.32 24.62 1.28 
No. 9 4 4 7 7 7 4 4 4 4 4 4 4 
flo. o 4 4 6 6 6 4 4 4 4 4 4 4 
s.o. " 21.54 0.53 3.08 0.08 16.83 0.52 17.27 0.19 29.67 0.69 
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APPENDIX I II: Skink {contd.) 
Sep terr.her 
Year No. Sex Lizard F.B. F.B. % Lipid Liver liver % lipid Gonad Gonad % Lipid Carcass Carcass % L.ipid Tail Tail % Lipid 
Weight Lipid Lipid in F.8. u,:.i-id Lipid in Liver Lipid Lipid in Gonad Lipid Lipid in Carcass Lipid Lipid in Tail 
g l~t. mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio 
1970 1 d 3.4076 
2 9 2.8607 6.54 0.23 4.28 
3 9 2 .1576 2.87 0.13 3.23 
4 9 4.9116 22.46 0.46 7.78 
5 d 3.2192 6.04 0.19 5.02 
6 9 2.6052 8.50 0.33 6.67 
7 d 2.7540 4.51 0.16 5.94 
8 9 3.7473 7.17 0.19 4.30 
9 9 3.8665 5.97 0.15 5,97 ,, 
10 9 4.3382 15.63 0.36 7.35 
1971 1 9 2.3904 40.97 1.71 90.05 2.52 0.11 2.07 
2 d 2.3754 2.76 0.12 40.63 3.70 0.16 5.36 
3 d 2.8030 3.36 0.12 60.00 0.88 0.03 1.22 1.6 0.05 8.74 39.11 1.40 2.02 14.0 0.50 2.41 
4 9 2.1366 3.72 0.17 60.00 2.88 0.13 3.15 11.5 0.54 13.16 28.22 1.33 2.09 6.60 0.31 1.92 
5 d 1.9785 20.64 1.04 91.75 1.39 0.07 2.79 1.60 o.oa 14.95 41.55 '2.10 3.04 18.25 0.92 5.29 
6 d 3.2615 34.60 1.06 86.71 4.75 0.15 5.52 0.40 0.01 2.65 80.42 2.47 3.41 43.67 1.34 8.77 
7 9 2.6424 15.51 0.59 86.66 7.43 0.28 5.63 30.75 1.16 13.56 44.49 1.68 2.86 28.83 1.09 8.39 
8 d 3.0438 18.07 0.59 79.6 4.76 0.16 5.21 2.6 0.09 14.69 46.96 1.54 2.53 22.00 0.72 5.69 
9 d 2.8832 2.63 0.09 2.63 1.6 0.06 8.08 49.87 1. 73 2.59 38.25 1.33 7.97 
10 9 2.9092 5.15 0.18 5.15 25.0 0.86 10.79 43.99 1.51 2.74 47.75 1.64 9.63 
Average 9 20.07 0.82 7.92 0.23 4.90 22.42 0.85 12.50 38.90 1.51 27.73 1.01 
Average o 15.89 0.59 3.58 0.13 4.30 1.56 0.06 9.82 51.58 1.85 27.23 0.96 
No. 9 3 3 11 11 11 3 3 3 3 3 3 3 
No. d 5 5 8 8 8 5 5 5 5 5 5 5 
S.D. 9 19.04 0.80 6.05 o. n 9.38 o.:n 9.25 0.17 20.60 0.67 (;) 
S.D. d 13.29 0.47 1.80 0.06 0.78 0.03 5.14 16.67 0.44 12.99 0.37 
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APPENDIX III: Skink (contd.) 
Oetober 
Year No. Sex Lizard F.B. F .B. % Lipid Liver Liver% Lipid Gonad Gonad % Lipid O.E. O.E. % Lipid Carcass Carcass% Lipid Tail Tail % Lipid 
Weight Lipid t:ipid in F.B. lipid lipid in Liver Lipid Lipid in Gonad Lipid lipid in O.E. lipid Lipid in Carcass Lipid Lipid in Tail 
g Wt. mg Ratio Wt. r;,g Ratio Wt.mg Ratio Wtmg Ratio Wt. mg Ratio Wt.mg Ratio 
1970 1 0 3.1597 5.47 0.17 54.17 9.36 0.29 10.26 
2 '? 3.3157 3.63 0.11 3.94 
3 '? 3.7605 3.92 0.10 3.65 
4 '? 4.9022 63.02 1.29 85.51 11.99 0.24 9.29 103.50 2.11 13.79 
5 0 1. 9166 
6 '? 4 .3360 51.14 1.18 65.40 11.36 0.26 7.56 60.60 1.40 9.76 
7 '? 3.7389 14.88 0.40 51.13 12.73 0.34 8.50 
8 '? 2.8037 10.10 0.36 64.75 5.74 0.20 5.98 43.75 1.56 13.23 
9 '? 2.8004 3.91 0.14 39.51 15.83 0.57 13.37 35.75 1.28 9.76 
10 '? 3.fl885 11.48 0.32 51.26 6.80 0.19 5.40 52.00 1.45 11.14 
..I 
11 '? 4.0325 25.33 0.63 66.47 15.73 0.39 7.69 48.80 1.21 11.40 
1971 l 0 3.3607 13.2 0.39 67.70 0.64 0.02 0.74 2.00 0.06 6.54 71.37 2.12 3.23 43.50 1.29 
6.24 
2 '? 4.1420 13.0 0.31 81.25 1.56 0.04 2.03 2.25 0.05 21.23 82.0 l. 98 13.72 80.16 1.94 3.15 58.51 1.42 
9.28 
3 '? 2.6176 11. 75 0.45 66.38 2.93 0.11 5.00 2.25 0.09 27.44 33.27 1.27 12.83 51.09 1. 95 3.44 34.67 1.32 
7.45 
4 '? 4.9160 48.0 0.98 78.43 2.81 0.06 2.58 1.50 0.03 14.15 72.40 1.47 11.36 81.89 1.67 2.94 135.44 2.76 14.78 
5 ? 2.7916 9.4 0.34 77 .69 0.70 0.03 1.14 
6 ? 3. 7909 29.5 0.78 80.60 3.22 0.08 3.29 0.80 0.02 7.69 61.0 1.61 11.81 73.08 1.93 3.20 54.50 1.44 
9.12 
7 ? 2.1884 2.57 0.12 4.76 1.25 0.06 21. 93 33.25 1.52 13. 77 33.25 1.52 2.31 11.39 0.52 
3.69 
8 c3 2.4439 0.83 0.03 1.39 l.50 0.06 9.04 43.51 1.78 2.63 14.17 0.58 
2.85 
9 0 2.0646 9.4 0.46 84.68 2.80 0.14 5.12 1.75 0.03 11.99 44.00 2.13 3.00 25.50 1.24 
7.96 
10 9 2.4497 9.0 0.37 81.82 0.96 0.04 1.46 1.00 0.04 15.15 49.49 2.02 12.19 
Average 9 23.12 0.58 6.39 0.18 5.35 1.51 0.05 17.93 56.32 1.57 12.06 63.89 1.80 58.96 1.49 
Average o 9.36 0.34 3.41 0.12 4.38 1. 75 0.07 S.19 52.96 2.01 27 .72 1.04 
No. 9 13 13 16 16 16 6 5 6 12 12 12 5 5 5 5 
No. o 3 3 4 4 4 3 3 3 3 3 3 3 
S.D. '? 19 .16 0.37 5.31 0.15 0.62 0.02 21.21 0.31 21.07 0.20 46.70 0.80 
0.) 
(j) 
S.D. d 3.87 0.15 4.09 0.13 0.25 0.01 2.73 15.95 0.20 14.79 0.40 
--.J 
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- P.PPENCIX III: Skink (contd.) 
November 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver% Lipid Gonad Gonad% Lipid O.E. O.E. % L;'pid Carcas_~ Carcass % Lipid Tail Tail % Lipi:l 
Weight Lipid Lipid in F.B. Lipid Lipid in Liver Lipid Lipid in Gonad Lipid Lipid in O.E. Lipid Lipid in Carcass Lipid Lipid in Tail 
g Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio 
1970 l d 3.0790 22.04 0.72 86.77 9,35 0.30 8.52 1.2 0,04 3.21 ') 
2 d 1.56 21.05 6.30 8.73 1.2 9.60 
3 9 7 .14 81.16 3,60 3.22 61.88 11.19 
4 d 6.21 55.42 14.22 14.58 0,4 1.82 
5 d 3.5271 7.96 0.23 50.70 18.31 0.52 18.59 1.4 0.04 3.04 
6 9 3.7807 5.97 0.16 65.63 16.87 0.45 11.55 
7 9 3.4414 3,84 0.11 64.00 10.78 0.31 14.75 62.00 1.80 11.04 
8 9 3.0703 8.53 0.28 10.97 40.20 1.31 10.47 
9 9 2,8550 9.68 0.34 10.16 46.50 1.63 9.20 
' 10 9 2.8478 15.84 0.56 17.09 
1971 .1 d 3.6423 2.0 0.05 43.47 3.68 0.10 3.09 1.6 0.04 3.11 63.14 1. 73 2.65 22.78 0.63 3.94 
2 9 4.2173 0,8 0.02 23 .. 52 4.33 0.10 4.40 0.97 0.02 13.86 52.50 1.24 8.96 67.22 1.59 2.67 26.60 0.63 3.98 
3 9 4,5411 5.8 0.13 44.61 7.17 0.16 5,96 1.43 0.03 13.88 70.52 1.55 8,59 67.77 1.49 2.91 79.61 1. 75 11.41 
4 d 3.3667 27.4 0.81 73.65 7.93 0.24 6.88 2.6 0.08 6.77 86.il 2.58 3.63 35.04 1.04 9.80 
5 9 3.5756 1.4 0.04 29.16 5.64 0.16 6.75 1.75 0.05 18.42 61.50 1.72 13.13 49.87 1.39 2.36 20.00 0.56 3.30 
6 d 2.5081 11.0 0.44 73.33 5.77 0.23 7.04 2.0 0.08 6.13 51.73 2.06 3.24 48.17 1.92 9.87 
7 9 3.2583 8.0 0.25 57 .14 5.09 0.16 6.71 
8 9 4, 1140 11.0 0.27 74.82 4.93 0.12 5.19 1.55 0.04 20.67 93.00 2.26 13.38 76.26 1.85 3.31 58.67 1.43 8.98 
9 d 2.6860 9.4 0.35 73.43 5.79 0.22 6.12 
10 9 3.4402 0.8 0.02 20.51 4.07 0.12 7 .20 1.05 0.03 20.59 55.50 1.61 5.68 66.24 1.93 3,53 26.88 0.78 6.51 
Average '? 4,97 0.13 8.04 0.25 8.68 1.35 0.03 17 .48 60.40 1.64 10.18 65.47 1.65 42.35 1.03 
Average d 10.95 0.43 8.92 0.27 9.19 1.49 0.06 4.81 67.19 2.12 35.33 1.20 
No. d 9 8 12 11 12 5 5 5 9 8 9 5 5 5 5 
No. 9 8 6 8 6 8 7 5 7 3 3 3 3 
s.o. " 3.55 0.10 4.51 0.15 0.33 0.01 0.31 9.60 0.23 25,70 0.53 
w 
0) 
s.o. d 9.22 0.29 4.95 0.14 0,69 0.02 2.77 17.84 0.43 12.70 0.66 (X) 
APPENDIX III: Skink 
Year No. Sex Lizard 
Height 
g 
1970 1 cl 2.5420 
2 9 3.2884 
3 cl 2.3355 
4 9 4.4907 
5 cl 2.9744 
6 0 3.4430 
7 9 4.4000 
8 9 5.2117 
10 cl 2.2250 
1971 l 0 3.5866 
2 cl 2.7516 
3 d 2.8974 
4 9 4.5738 
5 9 3.8452 
6 9 3.6223 
7 9 3.1680 
8 9 4.3937 
9 9 4.2477 










F.B. F.B. % Lipid 
Lipid Lipid in F.B. 
Wt.mg Ratio 
35.76 1.41 91. 93 
14.48 0.62 84.21 
14.78 0.50 73 .17 
14.58 0.42 30.77 
2.73 0.06 66.66 
21.13 0.95 89.89 
21.8 0.61 79.56 
20.2 o. 73 73.19 
38.6 1. 33 82.83 
17.8 0.39 84.76 
7.4 0.19 68.52 
21. 2 0.59 74.39 
3.2 0.10 64.00 
21.0 0.48 82.68 
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December 
Liver% Lipid Gonad Gonad% Lipid O.E. 
Lipid ir. liver Lipid Lipid in Gonad lipid 
Ratio Wt.mg Ratio Wt.mg 
2.4 0.17 3.95 
2.0 0.09 5.59 
51.00 
1.25 0.04 1.85 
1.0 0.03 1.05 
60.3 
74.4 
2.75 0.12 4.95 
0.20 7.31 5.6 0.16 4.15 
0.23 7.64 1.0 0.04 1. 90 
0.36 12.35 
0.18 7.09 
0.45 0.01 .6.00 49.78 
0.23 7.56 0.29 0.01 6.04 42.67 
0.27 11.07 0.26 0.01 5. 78 43.00 
0.19 10.68 0.38 0.01 7.60 57.78 
0.28 13.62 0.47 0.01 7.58 55.00 
0.12 7.08 0.35 0.01 7.61 43.75 
0.21 9.52 0.37 0.01 6. 77 53.08 
(. 
0.26 9.10 2.29 0.09 3.35 
6 6 6 6 6 9 
3 3 7 7 7 
0.06 0.08 - 10.28 
0.08 1.62 0.06 1. 74 
-~-----~~~-- ------~~---
" . .. ... . . r-~ r _. /;..,... ... ,. . ~ "' '-
O.E. % Lipid Carcass Carcass% Lipid Tail Tail % Lipid 
Lipid in O.E. Lipid Lipid in Carcass Lipid Lipid in Tail 




70.13 2.00 3.14 106.50 2.97 15.30 
46.44 1.69 2.61 81.33 2.96 15.01 
1.29 5.40 74.67 1.94 4.06 127.33 3.31 24.82 
1.18 7.51 48.40 1.34 2.52 132.67 3.66 20.91 
1.36 6.38 61.84 1.95 3.55 83.22 2.63 17.07 
1.32 4.75 56.22 1.28 2.61 85.89 1. 95 13.04 
1.29 4.00 116.62 2.75 5.85 87.92 2.07 14.80 
1.27 4.63 51.33 1.49 2.92 41.83 1.22 8.24 
1.29 4.94 68.18 1. 79 93.14 2.47 
58.29 1.85 93.92 2.97 
9 9 6 6 6 6 
2 2 2 2 
0.09 25.48 0.55 33.29 0.91 w 
16.75 0.22 17 .80 0.01 
0) 
c.o 
• . ~ \.. ':.:,_ -__.,, v/ < ~ ... ... q \> , '" ~ . " .. \I- \>.. -..- ..... t '1 ! ~ ~ .... \>- ;;;.. I.> . 
APPENDIX IV: Weights and Ratios of Lipid in Gecko Fat Body, liver, Gonads, Carcass and Tail 
January 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver% Lipid Gonad Gonad% Lipid O.E. O.E. % Lipid Carcass Carcass% Lipid Tail Tail % Li pti 
Weight Lipid Lipid in F.B. Lioid Lipid in liver Lipid Lipid in Gonad Lipid Lipid in O.E. Lipid Lipid in Carcass Lipid Lipid in Tail 
g Wt,mg Ratio Wt .. mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Rat·io Wt.mg Ratio 
1971 A ci 3. 9683 16.97 0.43 76.44 11.28 0.28 11.36 1.67 0.04 4.80 
B 9 4.4079 17.94 0.41 69.52 14.35 0.33 15.55 
C 9 4.9643 35.72 0.72 74.41 21.82 0.44 15.16 0.43 0.01 1.62 
D 0 4.4532 15.68 0.35 70.00 19.43 0.44 17 .12 1.2 0.03 6.06 
E 9 3.3490 18.38 0.54 75.00 16.41 0.49 17.89 0.22 0.01 1.63 
F ci 5.4298 24.17 0.45 63.43 25.76 0.47 16.24 1.0 0.02 3.75 
G 9 6.0048 12.86 0.21 70.27 24.29 0.40 16.96 0.34 0.01 0.79 
H 9 5.9847 20.61 0.34 66.91 16.88 0.28 13.44 0.21 - 0.98 
9 4.1484 11.40 0.27 64.75 9.25 0.22 12.54 
J ? 2.5919 6.23 0.24 9.70 
1972 A 0 6.4353 23.34 0.36 63.95 17.49 0.27 8.39 0,75 0.01 2.85 259.81 4.04 6.05 129.0 2.00 9.31 
8 0 4.1091 42.85 1.0,; 81.62 19.75 0.48 14.48 0.2 - 1.09 196.01 4.77 6.37 
C 0 6.0590 56.80 0.94 79.67 62.35 1.03 26.33 0.4 0.01 1.42 289.48 4.78 6.95 218.39 
3.60 17.33 
D 0 2.9925 9.21 0.31 84.51 10.12 0.34 13.33 0.29 0.01 2.42 92.04 3.08 4.23 45.83 1.53 
10.12 
E ? 5.0426 44.60 0.88 85.92 27.88 0.55 15.62 
F ? 4.2130 3.60 0.09 63.16 7.54 0.18 7.41 0.4 0.01 5.26 106.4 2.11 9.38 
G ? 6.8177 28.52 0.42 72.94 28.32 0.42 12.67 1.8 0.03 6.59 88.0 2.09 5.57 326.81 4.79 8.62 77.94 
1.14 9.80 
H ? 7.7741 52.67 0.68 87.20 35.57 0.46 11.77 0.4 0.01 1.33 162.0 2.08 11.36 352.47 4.53 8.30 240.33 
3.09 19.67 
I ? 5.4860 30.26 0.55 85.71 16.07 0.29 13.55 1.8 0.03 9.73 - - - 215.35 3.93 7.17 123.00 2.24 13.32 
J ? 5.3957 38.15 0.71 87 .71 22.84 0.42 15.41 1.4 0.03 7.61 107.5 1.99 9.36 224.64 4.16 7.34 
162.00 3.00 18.11 
Average 9 26.19 0.49 19.03 0.36 13.67 0.78 0.02 3.95 115.98 2.07 8.92 279.82 
4.35 150.82 2.37 
Average o 27.00 0.55 23.74 0.47 15.32 0.79 0.02 3.20 209.34 4.17 131.07 2.38 
No.? 12 12 13 13 13 9 9 9 4 4 4 
4 4 4 
No. o 7 7 7 7 7 7 7 7 4 4 3 
3 
S.D. ? 14.61 0.24 8.76 0.11 0.68 0.01 31.96 0.05 
69.97 0.38 68.85 0.90 
(J.) 
-.._J 
S.D. d 16.86 0.30 17,84 0.26 0.54 0.01 1.80 
85.38 0.80 86.30 1.09 0 
" 1()_, .,, - .., ' ~ .-. ~ V 
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APPENDIX IV: Gecko (contd.) 
February 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % lipid Gonad Gonad% Lipid O.E. O.E. % Lipid Carcass Carcass% Lipid Tail Tail % Lipid 
Weight Lipid Lipid in F.B. Lipid Lipid in Liver Lipid Lipid in Gonad Lipid Lipid in O.E. Lipid Lipid in Carcass Lipid Lipid in Tail 
g i~t.mg Ratio Wt.mg Ratio Wt.mg Ratio \.It.mg Ratio Wt.mg Ratio ~It.mg Ratio 
1971 A 0 5.3161 15.03 0.28 69.57 17 .14 0.32 11.33 0.61 0.01 3.99 157.17 2.96 4.12 65.67 1.24 5.35 
B c 4.3356 20.65 0.48 82.29 12 .80 0.30 11.66 0. 79 0.02 3.95 162.55 3.75 5.11 60.17 1. 39 7.15 
C <;> 3.8730 8.65 0.22 77 .27 21.81 0.56 16.69 1.61 0.04 6.94 122.71 3.17 4.35 83.00 2.14 11.61 
D 0 3.9633 20.02 0.51 77.88 18.63 0.47 12. 72 0.40 0.01 4.00 110.00 2.78 3.79 66.71 1.68 8.76 
E <;> 6 .1313 21.03 0.34 72.50 30.13 0.49 15.99 3.22 0.05 6.94 269.77 4.40 6.70 173.17 2.82 12.03 
F <;> 4.2675 33.25 0.78 80.11 28.23 0.66 18.11 152.53 3.57 4.75 49.21 1.15 9.41 
G 9 4.6337 12.95 0.28 66.26 20.48 0.44 18.11 2.24 0.05 6.96 140.31 3.03 4.41 70.88 1.53 7.66 
H c 3.4606 10.12 0.29 66.14 13,72 0.40 10. 77 0.45 0.01 3.95 97.04 2.80 3.78 34.00 0.98 5.77 
I <;> 2.5635 5.26 0.21 7.83 0.53 0.02 6.97 
J <;> 4.8823 29.13 0.60 78.31 20.57 0.42 9.89 
1972 A 9 3.8i17 29.4 0.77 80.11 19.39 0.51 15.66 
B 0 4.9664 53.8 1.08 81.15 36.10 0.73 21.55 1.78 0.04 8.32 300.36 6.05 8.83 293 .11 5.90 26.08 
C <;> 5.5626 16.6 0.30 56.09 15.95 0.29 10.90 1.2 0.02 4.82 70.75 1.27 5.39 155.95 2.80 5.17 68.44 1.23 8.25 
D 9 6.0363 49.5 0.82 81.85 31. 90 0.53 22.53 5.8 0.10 14.5 2<.'\3.21 4.03 8.79 191.00 3.16 22.15 
E 9 5.0695 14.8 0.29 76.68 28.20 0.56 18.80 10.6 0.21 14.97 45.71 0.90 4.21 131.99 2.60 4.92 104.33 2.06 11.01 
F 0 4.4051 54.4 1.23 85.40 41.19 0.94 29.01 
G 0 5.4675 32.8 0.60 77.00 22.06 0.40 15.94 0.8 0.01 4.71 229.81 4.20 5.96 128.05 2.34 10.59 
H c5 5.3201 28.2 0.53 75.00 15.77 0.30 9.66 1.4 0.03 4.88 146.77 2.76 3.80 89.33 1.68 8.00 
I <;> 3.9728 38.2 0.96 83.77 21.88 0.55 13.22 24.4 0.61 23.55 186.75 4.70 7.40 135.5 3.41 15.47 
J 0 4.5852 26.22 0.57 77 .35 20.86 0.45 14.92 1.2 0.03 4.17 190.54 4.16 5.98 140.0 3.05 14.23 
Average 'i' 25.36 0.54 22.17 0.47 15.25 6.20 0.14 15.38 58.23 1.09 4.80 175.40 3.54 109.44 2.19 
Average o 29.02 0.62 22.03 0.48 15.28 0.93 0.02 4.75 174.28 3.68 109.63 2.28 
No. 9 10 10 11 11 11 8 8 8 2 2 2 8 8 8 8 
No. o 9 9 9 9 9 8 8 8 8 8 8 8 
S.D. 'i' 12.85 0.28 7.54 0.13 8.05 0.20 17 .71 0.26 54.02 0.77 51.98 0.87 
w 
--.J 
S.D. d 15.75 0.33 9.97 0.22 0.49 0.01 1.49 66.04 1.14 82.18 1.60 
f-' 
' -, -- 'i.L ... _1..--..,,,,,.-.,, ,___, 
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APPENDIX IV: Gecko (contd.) 
March 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % Lipid Gonad Gonad % Lipid Carci:ss Carcass % Lipid Tail Tail % Lipid 
Weight Lipid Lipid in F .B. Lipid Lipid in l hrer Lipid Lipid in Gonad Lipid Lipid in Carcass Lipid Lipid in Tai 1 
g Wt.mg Ratio ~It.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio 
1971 A d 4.3462 12.73 0.29 73.61 17.97 0.41 15.59 
B 9 4.0285 12.00 0.30 74.07 16.99 0.42 13.57 
C d 5.2760 12.60 0.24 60.00 18.40 0.35 16.88 0.50 0.01 2.9R 106.33 2.02 2.76 32.0 0.61 2.86 
D 0 4.0888 18.41 0.45' 73.64 15.63 0.38 16.84 0.49 0.01 2.97 104.69 2.63 3.44 34.25 0.84 4.22 
E d 2.9210 5.54 0.19 73.85 8.75 0.30 11.32 0.27 0.01 3.00 86.77 2.97 3.90 23.0 0.79 4.50 
F d 4.5442 10.61 0.23 8.55 0.62 0.01 2.98 81.15 1.80 2.36 16.63 0.37 2.09 
G d 4.8087 17.71 0.37 76.33 20.55 0.43 16.14 0.52 0.01 3.01 133.46 2.78 3.87 53.46 1.11 5.12 
H <; 4.2911 14.36 0.33 69.71 15.44 0.36 9.40 29.60 0.69 24.08 155.95 3.63 4.99 75.33 1. 76 9.88 
I 9 3.3554 4.19 0.12 5.19 70.15 2.09 2.82 16.5 0.49 2.58 
1972 A d 4.1440 29.6 0.71 80.65 22.57 0.54 17.91 2.4 0.06 13.33 164.39 3.97 5.68 126.31 3.05 13.91 
s 9 3.9184 34.71 0.89 85.07 
C 9 3. 3809 34.4 1.02 87.31 17.41 0.51 17.32 '0.25 0.01 2.17 209.72 6.20 9.24 157.39 4.66 19.76 
D 9 2.7155 17.55 0.65 76.32 41.4 1.52 26.20 
E 9 3.6412 21.0 0.58 82.35 17.94 0.49 13.49 26.8 0.74 22.83 246.88 6.78 9.94 126.5 3.47 17.05 
F 9 2.9716 17.6 0.59 79.64 19.50 0.66 20,57 15.4 0.52 24.68 156.93 5.28 7.50 85.52 2.88 14.63 
G <; 3.4432 29.0 0.84 82.39 22.88 0.66 17.10 21.6 0.63 22.20 96.04 2.79 4.10 112.37 3.26 16.28 
H d 3.5103 26.8 0.76 82.21 20.46 0.58 19.67 1.09 0.03 6.26 233.77 6.66 9.49 186,0 5.30 23.72 
Average 9 22.58 0.65 16.34 0.46 13.81 22.51 0.69 20.36 155.95 4.46 95.60 2.75 
Averaged 17.63 0.43 16.87 0.40 15.36 0.84 0.02 4.93 130.08 3.26 67.38 1.72 
No. 'f 8 8 7 7 7 6 6 6 6 6 6 6 
No. d 7 7 8 8 8 7 7 7 7 7 7 7 
S.D. 9 8.9 0.26 5.85 0.19 13.95 0.49 66.50 1.91 48.63 1.45 C.0 
S.D. d 8.4 0.23 4.92 0.12 0.73 0.02 3.90 52.88 1.66 64.07 1.81 -.J N 
' ' .t..- l ..., '...:... ~ \~~ .,- ,,.__ " 
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APPENDIX IV: Gecko (contd.) 
April 
Year flo. Sex lizard F.B. F.B. % Lipid Liver Liver % Lipid Gonad GoMd % Lipid Carcass Ccircass % Lipid Tail Tail % Lipid 
Weight Lipid Lipid in F .B. Lipid Lipid in Liver lipid Lipid in Gonad Lipid Upid in Carcass L ipi"a lipid in Tail 
g Wt. mg Ratio Wt. mg Ratio Wt.mg Ratio Wt.mg ll,atio Wt.mg Ratio 
1971 A 9 5.0328 9.89 0.20 64.62 29.06 0.58 11.88 65.3 1.30 21.00 156.68 3.11 4.69 47.69 0.94 5.56 
B 'i' 6.3620 22.80 0.36 78.07 38,68 0.61 13.14 
C d 4.4995 12.96 0.29 78.52 15.37 0.34 15.22 
D 9 5.4089 22.15 0.41 67.13 23.74 0.44 13.65 72.75 1.35 26.08 204.28 3.78 5.39 58.33 1.08 6.47 
E d 5.1163 2.99 0.06 22.86 6.52 0.13 5.44 0.68 0.01 4.59 83.11 l.62 2.19 12.76 0.25 1.65 
F d 3.7421 8.68 0.23 9.92 0.59 0.02 4.65 55.00 1.47 1.04 15.17 0.41 1.95 
G d ·S.3143 6.79 0.13 45.26 17.26 0.32 16.79 0.94 0.02 4.61 117 .81 2.22 3.01 22.83 0.43 2.19 
H d 4.0507 17.83 0.44 78.53 16.75 0.41 13.39 0.79 0.02 4.65 
I 9 4.0071 35.55 0.89 83.64 15.67 0.39 11.89 30.0 0.75 23.38 162.30 4.05 6.10 100.08 2.50 11.95 
J 9 3.9963 8.17 0.20 55.93 66.75 1.67 25.09 136.88 3.43 5.01 59.50 1.49 8.38 
1972 A d 6.3400 30.6 0.48 77.47 25.26 0.40 13.33 1.4 0.02 5.04 217.79 3.44 4.81 73.63 1.15 
5.67 
B 9 4.2830 14.4 0.34 56.98 24.17 0.56 13.93 
C 0 5.4053 28.4 0.53 73.58 18.25 0.34 13.75 2.0 0.04 8.16 215.84 3.99 5.86 95.33 1.76 
7.64 
D 9 5,74-59 28.4 0.49 74.74 22.51 0.39 9.31 89.2 1.55 17 .57 255.70 4.45 6.33 109.11 l.90 14.21 
E 9 5.8575 22.0 0.38 74.58 19.18 0.33 9.03 84.33 1.44 27.24 320.94 5,48 S.13 158.14 2.70 
15.53 
F 9 4.0122 9.2 0.23 70.77 13.94 0.35 10.94 68.50 1.71 25.08 
G 9 6.0449 27.0 0.45 75.84 22.99 0.38 10.93 127 .11 2.10 28.76 314.83 5.21 8.06 131.5 2.18 
12.34 
H / d 5.8651 23.0 0.39 76.67 18.63 0.32 14.87 255.67 4.36 5.97 77 .00 
1.31 6.44 
,, , 
I 9 4.1363 6.6 0.16 54.10 16.58 0.40 10.91 91.75 2.22 29.81 150.33 3.63 5.46 48.00 
1.16 6.81 
J 9 3.7016 12.0 0.32 72.30 9.49 0.26 7,36 78.25 2.11 26.68, 172.57 4-.66 6.29 
15.38 0,42 4.37 
Average 9 18.18 0.37 21.46 0.43 11.18 77.39 1.62 25.07 208.28 4.20 
80.80 1.60 
Average o 17.51 0.33 15.84 0.31 12.84 1.07 0.02 5.28 157.54 2.85 
94.45 0.89 
No. 9 12 12 11 11 H 10 10 10 9 9 
9 9 
No. d 7 7 8 8 8 5 6 6 6 6 
6 6 
w 
s.o. '>' 9.40 0.19 7.95 0.11 24.66 0.45 · 71.43 0.81 
4€.33 0.77 --J 
w 
S.D. o 10.54 0.18 5.80 0.09 0.54 0.01 1.42 82.81 1.24 
36.55 0.61 
r 
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APPENDIX IV: Gecko (contd.) 
May 
Year No. Sex Lizard F..B. F.B. % Lipid Liver Liver % Lipid Gonad Gonad % Lipid Carcass Carcass % Lipid Tail Tai 1 % Lipid 
Weight Lipid Lipid in F.B. Lipid Lipid in Liver Lipid Lipid in Gonad Lipid Lipid in Carcass Lipid Lipid in Tail 
g Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio 
1971 A d 3.7366 11. 9 0.32 72 .13 15.62 0.42 14.44 
8 d 5.1025 13.51 0.26 12.56 0.54 0.01 3.21 134.89 2.64 3.46 23.11 0.45 2.38 
C d 4.2274 12.63 0.30 86.54 15.41 0.36 14.65 0.51 0.01 3.19 108.17 2.55 3.46 37.67 0.89 4.69 
D d 5 .4096 15.61 0.29 89.21 20.80 0.38 12.08 0.50 0.01 3.16 152.83 2.83 3.94 50.17 0.93 4.85 
E d 4.1281 6.47 0.16 84.00 7.09 0.17 8.10 0.67 0.02 3.17 106.62 2.58 3.46 17.16 0.42 2.48 
F ? 3.6826 7.61 0.21 5.86 
G ? 3.4450 2.85 0.08 60.61 11.31 0.33 9.76 65.71 1.91 25.49 
H ? 4.6587 25.21 0.54 71.43 20.97 0.45 12.41 186.34 4.00 5.53 174.67 3.75 17.44 
I ? 5.2847 4.57 0.09 61.82 11. 74 0.22 7.76 87.33 1.65 24.26 131.02 2.48 3.72 140.38 2.66 14.95 
J ? 6.4684 13.64 0.21 55.67 20.29 0.31 10.16 115. 00 1.78 27.03 148.37 2.29 3.57 96.06 1.07 6.59 
1972 A d 3.9093 10.22 0.26 46.04 16.35 0.42 12. 77 
B 0 5.4085 9.6 0.18 66.67 13.94 0.26 10.79 1.2 0.02 7.32 169. 97 3.14 4.37 58.48 1.08 
4.99 
C d 6.4459 20.0 0.31 67.57 24.60 0.38 14.91 1.8 0.03 9.57 296.23 4.60 6.43 92.96 
1.44 6.72 
D ? 4.7638 10.2 0.21 60.00 126.2 2.65 31. 71 160.59 3.37 5;23 46.38 
0.97 6.01 
E ? 4.5143 10.2 0.26 59.65 14.67 0.32 8.30 144.22 3.19 34.60 208.26 4.61 7.19 80.17 
1. 78 10.29 
F ? 4.7929 10.8 0.23 60.67 16.91 0.35 10.09 120.89 2.52 26.88 173.30 3.62 5.70 75.83 
1.58 7.99 
G d 3.0983 14.8 0.48 83.62 14.82 0.48 13.55 170.59 5.51 7.53 
95.50 3.08 15.11 
H ? 3.2472 7.56 0.23 66.90 10.99 0.34 9.90 
d 4.4860 21.2 0.47 72.85 27.71 0.62 19.61 1.6 0.04 7.73 205.28 4.80 6.06 57.43 
1. 28 8.29 
J ? 3.9378 6.8 0.17 51. 91 17.20 0.44 11.05 106. 22 2.70 31.63 139.64 3.55 5.51 
66.67 1.69 8.27 
Average? 10.20 0.22 14.63 0.33 9.48 109.37 2.34 28.8 163.93 3.42 
97.17 1. 93 
Averaged 13.60 0.31 16.99 0.38 13.35 0.97 0.02 5.34 168.07 3.58 
54.06 1.20 
No.? 9 9 9 9 9 7 7 7 7 7 
7 7 
No. d 9 9 10 10 10 7 7 7 8 8 
8 8 
S.D. ? 6.54 0.13 4.55 0.08 26.03 0.57 27.33 0.81 
44.96 0.98 w 
-..J 
S.D. o 4.83 0.11 5.93 0.13 0. 55 0.01 2.78 61.55 1.19 
28.94 0.84 + 
~ \_ \,, __ _,..-""-._/ ~*-
1 
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APPH!DIX IV: Gecko (contd.) 
June 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % Lipid Gonad Gonad % Lipid Carcass Carcass % Lipid Tail Tail % Lipid 
Weight Lipid Lipid in F.B. Lipid Lipid in Liver Lipid Lipid in Gonad lipid Lipid in Carcass Lipid Lipid in Tail 
g Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio 
1971 A 0 2.4462 ?..18 0.09 54.5 11.29 0.46 15.43 
B d 3.5774 3.27 0.09 54.5 10.11 0.28 13.55 0.34 0.01 2.28 98.55 2.75 3.65 14.30 0.40 2.14 
C d 3.2143 1.82 0.06 44 .39 7.3i 0.23 10.36 0.19 0.01 2.24 76.86 2.39 3.11 12.50 0.39 2.07 
D 0 3.6666 8.36 0.23 63.82 14.65 0.40 10.69 0.27 0.01 2.31 91.48 2.50 3.59 20.77 0.57 2.73 
E 0 4.9431 37.09 0.75 76.95 42.44 0.86 21.22 1.40 0.03 5.15 158.47 3.21 4.58 94.27 1.89 9.09 
F 9 4.2404 2.55 0.06 36.43 18.20 0.43 13 .16 121. 91 2.88 4.48 19.60 0.46 2.48 
G 9 5.9865 6.36 0.11 43.86 18.44 0.31 9.88 164.00 2.74 29.05 215.97 3.61 5.41 85.50 1.43 7.99 
H 9 3.8304 1.63 0.04 31.96 14.23 0.37 10.82 97.25 2.54 30.12 92.70 2.42 3.49 19.67 0.51 3.21 
I 9 3.9785 3.64 0.09 52.0 11.18 0.28 7.31 112 .67 2.83 28.17 95.20 2.39 3.73 4.77 1.05 5.24 
J 9 3.3769 6.78 0.20 7.17 108.67 3.22 26.87 52.80 1.56 2.33 10.27 0.30 1.93 
1972 A 9 3.9494 6.25 0.16 67.93 15.77 0.40 11.18 124.8 3.16 30.45 173.06 4.38 6.84 74.19 1.88 10.40 
B 9 3.2624 1.8 0.06 41.86 7.53 0.23 6.99 109. 55 3.36 28.00 82.13 2.52 3.94 31.21 0.96 6.00 
C 9 3.5730 5.6 0.16 48.28 10.51 0.29 8.06 
D 9 5.0767 15.2 0.30 58.01 14.17 0.28 6.73 82.57 1.63 26.53 194.57 3.83 6.03 72.83 1.43 7.05 
E 0 5.3154 30.2 0.57 74.20 30.59 0.58 19.47 0.2 0.01 1.18 254.60 4.79- 6.72 162.67 3.06 13.48 
F 0 3.4112 4.2 0.12 51.22 12.23 0.36 10.80 0.8 0.02 5.41 90.64 2.66 3.44 11.17 0.33 2.04 
G 0 4. 2297 19.8 0.47 69.96 20.65 0.49 12.60 0.8 0.02 5.84 147.22 3.48 4.92 64.33 1.52 7.03 
H 0 3. 4127 5.2 0.15 57.78 11. 72 0.34 13.90 
I 9 4.1960 4.0 0.10 47.06 30.35 0.72 18.25 146.00 3.48 32.39 217.55 5.18 8.02 95.83 2.28 13.30 
Average 9 5.23 0.12 14.72 0.35 9.96 118.19 2.87 23.95 138.43 3.20 45.99 1.15 
Average ci 12.46 0.28 17.89 0.44 14.22 0.57 0.02 3.49 131.12 3.11 54.29 1.17 
No. 9 9 9 10 10 10 8 8 8 9 9 9 9 
No. o 9 9 9 9 9 7 7 7 7 7 7 7 
S.D. 9 4.15 0.08 6.81 0.15 26.24 0.60 62.61 1.14 35.61 0.67 
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APPENDIX IV: Gecko (contd,) 
July 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % Lipid Gonad Gonad % Lipid Carcass Carcass % Lipid Tail Tail % Lipid 
Weight Lipid Lipid 1n F.B. Lipid Lipid in Liver Lipid Lipid in Gonad Lipid Lipid in Carcass Lipid lipid in Tail 
g Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt. mg Ratio Wt. mg Ratio 
1971 A d 2.8120 3.0 0.11 65.22 9.36 0.33 13.67 
B <;> 4.4976 0.6 0.01 13.33 14.29 0.32 9.40 
C d 3.2423 0.0 - - 8.13 0.25 10.99 0.64 0.02 6.74 59.66 1.84 2.36 8.75 0.27 1.60 
D d 4.3257 9.0 0.21 52.94 16.59 0.38 12.07 1.16 0.03 6.67 126.84 2.93 3.82 27.07 0.63 3.51 
E <;> 4 .1086 1.4 0.03 25.00 9.98 0.24 9.12 124.33 3.03 27.9'.l 143.56 3.49 5.22 35.95 0.87 5.03 
F d 3.0106 2.4 0.08 57.14 10.03 0.33 19.57 0.60 0.02 6.67 64.35 2.12 2.67 7.55 0.25 1.52 
G <;> 2. 7326 4.6 0.17 63.89 18.31 0.67 20.39 92.50 3.39 33.94 130.71 4.78 6.86 16.33 0.60 4.34 
H ? 2.8336 0.6 0.02 15.00 15.52 0.55 13.09 S0.75 3.20 28.36 82.37 2.90 7.44 12.76 0.45 3.42 
I <;> 2.9170 0.0 - 8.06 0.28 9.80 83.33 2.86 30.73 58.17 1.99 2.82 7.00 0.24 1.59 
1972 · A 0 5.1557 20.2 0.39 64.74 17.54 0.34 12.44 0.80 0.02 4.49 257.37 4.99 6.72 55.24 1.07 5.36 
B d 3.1583 5.8 0.18 65.91 11.38 0.36 13.11 1.20 0.04 14.63 99.60 3.15 3.88 16.38 0.'52 3.89 
C d 2.3005 9.8 0.43 72.59 14.60 0.63 17 .02 0.80 0.03 5.84 118.49 5.15 7.06 28.83 1.25 6.68 
D 9 4.3043 7.2 O.i7 58.06 32.55 0.76 19.40 143.7S 3.34 31.39 169.15 3,93 6.16 89.98 2.09 11.86 
E 9 2.9704 8.4 0.28 71. 79 17.89 0.60 15.32 126.00 4.24 35.23 180.29 6.07 9.40 72.93 2.46 14.72 
F <;> 2.6008 2.0 0.08 52.53 7.45 0.29 8.08 98.00 3.77 30.19 72.35 2.78 4.38 19.26 0.74 4.06 
G d 2.9144 23.8 0.82 82.07 14.27 0.49 15. 77 0.80 0.03 169.64 5.82 8.04 72.61 2.49 12.71 
H 9 2.5800 11.2 0.43 82.35 10.76 0,42 13.33 
I 9 2.6587 20.6 0.77 87.66 15.04 0.57 14.53 104.13 3.92. 5.58 56.94 2.14 10.41 
J 9 2 .4031 13.4 0.56 17.70 16.47 0.69 21. 76 
Average 9 6.36 0.23 15.12 0.49 14.02 .108.38 3.40 31.11 117 .59 3.73 38.89 1.20 
Average c5 9.25 0.28 12.74 0.39 14.33 0.86 0.03 7.51 127.93 3.71 30.92 0.93 
No. 9 11 11 11 11 11 7 7 7 8 8 8 8 
No. d 8 8 8 8 8 7 7 6 7 7 1 7 
S.D. 9 6.59 0.26 6.<?2 0.19 22.79 0.47 •1.5.41 1.27 30.93 0.88 w 
S.D. d 8.58 0.26 3.50 0.12 0.24 0.01 3.60 68.42 1.59 24.49 0.79 
--J 
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APPENDIX IV: Gecko (contd.) 
August 
Year No. Sex Lizard F.B. F.B. % Lipid liver liver % lipid Gonad Gonad % lipid Carcass Carcass % lipid Tail Tail % Lipid 
Weight Lipid Lipid in F.B. Lipid lipid in liver lipid lipid in Gonad Lipid lipid 1n Carcass lipid Lipid in Tai 1 
g Wt. mg Ratio Wt. mg Ratio Wt.mg Ratio Wt.mg Ratio ~Jt.mg Ratio 
1971 A 0 4.3073 8.0 0.19 66.12 34.64 0.80 25.99 192.44 4.47 6.03 39.3 0.91 4.73 
B 9 5.7287 9.75 0.17 52.42 60.62 1.06 26.61 192.0 3.35 33.62 210.70 3.68 5.74 81.62 1.42 7.60 
C 9 3.0423 2.4 0.08 23.76 15.57 0.51 17.45 76.02 2.50 3.43 18.38 0.62 3.51 
D 9 3.7785 4.5 0.12 58.44 16.89 0.45 13.47 
E 9 3.1227 8.32 0.27 8.15 90.75 2.91 31.55 43.45 1.39 2.03 8.89 0.23 1.70 
F 9 3.1051 2.22 0.07 52.86 13.03 0.42 11.32 124.44 4.01 30.53 145.38 4.68 7.51 %.0 1.48 8.38 
G 9 3.0030 0.4 0.01 10.0 9.32 0.31 8.65 84.0 2.80 22.26 95.33 3.17 4.80 18.0 0.60 3.69 
H 9 2.2554 1.2 0.05 41.38 7.15 0.32 14. 00 75.5 3.35 33.75 77.33 3.43 5.13 22.42 0.99 6.17 
I 9 2.0600 1.2 0.06 36.36 15.66 0,76 26.10 44.49 2.16 2.77 12.36 0.60 3.34 
J 0 1.8636 5.78 0.31 85.00 6.20 0.33 10.26 75.20 4.04 5.48 25.0 1.34 7.00 
9 9 2.4817 3.40 0.14 68.00 11.56 0.47 12.57 104;75 4.22 32.11 74.80 3.01 4.70 17 .19 0.69 4.5 
10 0 2.2886 1.25 0.05 40.32 10.22 0.45 17.50 0.4 0.02 5.33 47.72 2.09 2.86 7.92 0.35 1.66 
Average 9 3.13 0.09 17.57 0.51 15.38 111.91 3.44 30.64 '95.94 3.00 28.11 0.84 
Average o 5.01 0.18 17.02 0.53 17.92 0.4 0.01 5.33 105.12. 3.53 24.07 0.87 
No. 9 8 ·8 9 9 9 6 6 6 8 8 8 8 
No. o 3 3 3 3 3 2 2 1 3 3 3 3 
S.D. <? 2.98 o.os 16.51 0.25 42.84 0.57 56.32 1.00 24.35 0.43 
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APPENDIX IV: Gecko (contd.) 
September 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % Lipid Gonad Gonad % Lipid Carcass Carcass % Lipid Tail Tail % Lipid 
ltlei ght . Lipid Lipid 1n F.B. Lipid Lipid in Liver· Lipid Lipid in Gonad Lipid Lipid in Carcass Lipid Lipid in Tail 
g Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio 
1970 A 0 4.0695 
B 9 4.3434 14.18 0.33 9.75 
C 9 5.2051 
,-
D 9 5.1270 17.92 0.35 9.36 
E 9 5.6265 13.21 0.23 10.54 
F 9 5.2189 17.81 0.34 10.17 
G 9 3.6477 9.66 0.24 9.62 
H 0 2.8524 9.40 0.33 12.69 
I 9 5.9383 19.23 0.32 10.18 
1971 A 9 3.6023 3.42 0.09 44.44 5.96 0.17 7.52 
B 9 5.6105 2.12 0.03 34.78 9.67 0.17 6.61 128.0 2.28 25.33 164.00 2.92 4.50 
C 9 3.8325 3.78 0.09 49.06 2.61 0.07 3.48 151.8 3.96 29.73 114.59 2.99 4.99 31.34 0.82 4.48 
D 9 6.1706 2.09 0.03 34.78 9.90 0.16 6.89 136.2 3.02 28.10 144.01 2.33 4.11 36.83 0.60 4.46 
E 9 4.0325 0.00 - 5.04 0.14 4.64 109.6 2.72 28.71 45.97 1.14 1.93 11.36 0.28 1.81 
F 0 4.0284 3.91 0.10 45.95 10.37 0.26 9.66 
G 0 5.0110 9.82 0.20 50.60 14.82 0.30 13.67 1.0 0.02 5.00 137.79 2.75 3.65 12.5 0.25 
1.53 
H 0 4 .1887 9.46 0.23 66.12 7.80 0.19 7.07 1.0 0.02 8.06 113.59 2.71 3.99 14.63 0.35 
1.66 
I 0 4.3943 2.09 0.05 28.57 10.59 0.24 10.97 1.0 0.02 5.75 57.06 1.30 1. 76 8.0 0.18 
0.93 
J 0 5. 7251 10.07 0.18 67.15 14.84 0.26 11. 79 2.0 0.03 7.09 165.69 2.89 3.93 64.33 1.12 5.46 
Average 9 2.28 0.05 11.38 0.23 8.07 143.SO 3.00 27.97 117 .14 2.35 26.51 0.57 
Average o 7.07 0.15 11.30 0.26 10.98 1.25 0.02 6.48 118.53 2.41 24.87 0.48 
No. 9 5 5 11 11 11 4 4 4 4 4 3 
3 
No. o 5 5 6 6 6 4 4 4 4 4 4 4 
s.o. ? 1.48 0.04 5.58 0.10 33.07 0.71 51.61 0.86 13.40 0;27 w -J 
S.D. o 3.78 0.07 ?-90 0.05 0.50 0.01 46.18 0.75 26.45 0.44 00 
v 
f ,-. \.,_ '---' 
APPErmrx IV: Gecko (contd.) 
Year No. Sex Lizard F.B. F.B. % Lipid Liver 
Weight Lipid lipid in F.B. L ioid 
g Ht.mg Ratio wt'. mg 
1970 A 9 6.1838 3.15 0.05 35.82 20.59 
B d 3.1326 5.83 
C 9 5.3521 16.52 0.31 84.30 
D 9 4.9036 9.04 
E d 4.3862 21.18 0.48 73.02 11.99 
F 9 4.5356 1.82 0.04 29.41 2.95 
G d 5.5571 51.54 0.93 74.92 22.01 
H d 4.5350 8.76 0.19 61.68 13.92 
I 9 6.4390 9.22 
J d 5.2632 37.59 0.71 86.21 14.27 
1971 A 9 5.4840 27.6 0.50 72.63 16.74 
a 9 6.4230 38.0 0.59 76.00 15.45 
C 9 4.6295 0.75 0.02 16.67 3.02 
D 0 4.6131 13.8 0.30 58.47 8.20 
E d 3.1796 7.6 0.24 70.37 8.80 
F 9 4.7617 4.2 0.09 28.77 6.22 
G 9 6.1026 4.4 0.07 23.66 14.26 
H 9 4. 5464 4.6 0.10 45.10 9.49 
I 0 3.8458 4.4 0.11 43.56 7.41 
J 9 6.2653 12.25 0.20 50.62 17.25 
Average 9 11.33 0.20 11.29 
Average d 20.70 0.42 11.25 
No. 9 10 10 11 
No. d 7 7 8 
S.D. 9 12.55 0.20 5.95 
S.D. o 17.63 0.30 5.23 
----------,----- ------------
J 
..._ l.. ... 'l '9" 
J 
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Liver% Lipid Gonad Gonad% Lipid O.E. O.E. % Lipid Carcass Carcass% Lipid Tail Tail % Lipid 
Lioid in liver Lipid Lipid in Gonad Lipid Lipid in O.E. lipid Lipid in Carcass Lipid Lipid in Tail 
Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt. mg Ratio 
0.33 15.26 
0.17 8.22 
181.6 3.39 29.82 
0.18 9.58 
0.27 8.72 
0.07 3.24 207.75 4.58 35.64 
0.40 15.78 
0.31 15.47 
0.14 6.06 192.75 2.99 28.92 
0.26 10.65 
0.31 10.34 2.25 0.04 12.03 175.99 3.21 4.71 76.67 1.40 7.62 
0.24 10.92 2.2 0.03 4.55 
0.07 3.59 
0.18 7.85 1.2 0.02 6.15 96.86 2.10 3.02 21.50 0.47 2.41 
0.28 8.10 1.2 0.03 10.81 76.80 2.42 3.69 31.37 0.99 5.36 
0.13 4.03 1.0 0.02 4.18 159.5 3.35 29.37 77 .48 1.63 2.61 13.17 0.28 2.15 
0.23 10.48 2.25 0.04 7.43 150.0 2.46 25.16 125.80 2.06 3.44 37.14 0.61 3.17 
0.21 10.73 3.5 0.08 10.14 154.25 3.39 29.63 119.77 2.63 4.13 43.00 0.95 5.60 
0.19 8.02 1.6 0.04 70.88 1.84 2.60 19.17 0.50 2.47 
0.28 11.26 2.6 0.04 5.73 230.5 3.68 32.22 217.03 3.46 5.87 87.43 1.40 6.65 
0.20 8.68 2.30 0.04 7.34 182.34 3.41 30.11 143.21 2.60 51.48 0.93 
0.26 10.35 1.33 0.03 8.48 81.51 2.12 24.01 0.65 
11 11 6 6 6 7 7 7 s. 5 5 5 
8 8 3 3 2 3 3 3 3 
0.09 0.80 0.02 30.08 0.65 54.08 0.77 30.30 0.49 
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APPENDIX IV: Gecko (contd.) 
November, 
Year No. Sex Lizard F.B. F.B. % Lipid Liver Liver % Lipid Gonad Gonad% Lipid O.E. O.E. % Lipid Carcass Carcass% Lipid Tail Tail % Lipid 
Weight Lipid Lipid in F.B. Lipid Lipid in Liver Lfp1d Lipid in Gonad Lipid Lipid in O.E. Lipid Lipid fn Carcass Lipid Lipid in Tail 
g Wt. mg Ratio Wt. mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio Wt. r.g Ratio 
1970 A 9 4.4375 4.89 0.11 52.63 15.37 0.35 14.23 172.8 3.89 31.72 
B 9 5.0380 6.16 0.12 53.06 11.53 0.23 10.34 
C 9 5.9572 37.24 0.63 64.76 28.09 0.47 15.26 200.26 3.36 30.76 
D 0 5.4000 7.10 0.13 50.00 15.06 0.28 12.24 1.2 0.02 s.o 
E 0 4.2115 26.70 0.63 73.96 12.36 0.29 11. 92 0.8 0.02 6.67 
F 9 4 .1,150 5.99 0.14 7.14 192.4 4.64 32.75 
G '? 3.9310 6.93 0.18 7.41 187.0 4.76 33.14 
H 0 5.1120 7.97 0.16 50.77 9.90 0.19 11.43 0.2 0.01 1.55 
I 0 5.4571 5.46 0.10 31.21 19.24 0.35 16.39 0,6 0.01 2.73 
J 0 4.1453 12.59 0.30 68.78 14.30 0.34 11.80 0.6 0.01 5.45 
1971 A '? 4.6379 3.0 0.06 20.40 14.79 0.32 13.42 2.0 0,04 10.15 
B 9 6.4685 4.0 0.06 36.36 12.70 0.20 12.18 1.4 0.02 5.71 191.0 2.95 27.51 219.01 3.39 5.47 78.52 1.21 6.64 
C 0 3.6352 5.7 0.16 70.37 7.82 0.22 9.27 115.37 3.17 4.76 43.17 1.19 6.84 
D 0 4 .1563 1.4 0.03 28.00 8.95 0.22 9.65 
E 0 4.4594 4.8 0.11 47.05 10.02 0.22 9.52 2.0 0.04 7.46 111.04 2.49 3.54 22.41 0.50 2.46 
F 0 4.8143 1.6 0.03 13.11 6,73 0.14 6.88 1.6 0.03 5.59 94.93 1.97 2.53 15.33 0.32 2.11 
G d 4.3317 3.2 0.07 35.50 9.94 0.23 11.36 1.2 0.03 4.21 105.06 2.43 3.30 15.95 0.37 2.27 
H 0 5.4267 3.8 0.07 32.20 13.06 0.24 9,35 1.6 0,03 6.08 105.22 1.94 2.73 23.25 0.43 2.25 
I '? 3.3489 11.6 0.35 80.00 11.56 0.35 11.40 1.2 0.04 10.62 107.80 3.22 4.67 52.17 1.56 7.84 
J 0 2.4897 2.7 0.11 64.28 4.29 0.17 7.95 53.50 2.15 3.03 21.83 0.88 4.11 
Average'? 11.15 0.22 13.37 0.28 11.44 1.53 0.03 8.83 188.69 3.92 31.18 163.41 3.31 65.35 1.39 
Average o 6.92 0.16 10.97 0.24 10.65 1.09 0.02 4.97 97.52 2.36 25.16 0.62 
No. '? 6 6 8 8 8 3 3 3 5 5 5 2 2 2 2 
No. d 12 12 12 12 12 9 9 9 6 6 6 6 w 
S.D. '? 13.13 0.23 6.82 0.11 0.42 0.01 10.10 0.79 78.64 0.12 18.63 0.25 
co 
0 
s.o. o 6.96 0.17 4.07 0.06 0.58 0.01 1.88 22.64 0.46 10.72 0.35 
·" , _,_ '' z , •• .-".-,.!.. 
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APPENDIX IV: Gecko (contd.) 
Df!cember 
Year No. Sex Lizard F.B. F.B. % Lip·id Liver Liver % Lipid Gonad Gonad% Lipid O.E. O.E. % Lipid Carcass Carcass% Lipid Tail Tafl % Lipid 
Weight Lipid Lipid in F.B. Lipid Lipid in Liver Lipid lipid in Gonad lipid Lipid in O.E. Lipid Lipid in Carcass Lipid Lipid in Tail 
g Wt.mg Ratio Wt.mg Ratio Wt. mg Ratio Wt.mg Ratio Wt.mg Ratio Wt.mg Ratio 
1970 A 9 5.4830 7.38 0.13 81.97 
B 9 5.1030 13.92 0.27 85.44 176.4 3.46 18.75 
C 9 8.9912 92.52 1.03 77.75 236.4 2.63 19.20 
D 9 5.1858 19.10 0.37 81.63 150.3 3.00 15.75 
E 9 6.7058 18.43 0.27 75.53 244.5 3 65 19.78 
F 9 4.8151 10.61 0.22 61. 33 175.2 3.64 18.03 
G 9 7.5791 34.23 0.45 79.70 282.6 3.73 23.20 
H 9 2.0278 
I d 4.9208 31.81 0.65 77 .21 19.91 0.40 17.09 1.6 0.03 16.84 
J d 3.8000 14.99 0.39 81.93 16.33 0.43 16.53 1.8 0.05 21.95 
1971 A 0 4.2934 14.0 0.33 ' 61.67 14.23 0.33 9.81 0.6 0.01 2.24 99.57 2.32 3.46 49.33 1.15 5.45 
B 9 4.8538 25.0 0.52 71.84 21. 75 0.45 12.14 
C 9 5.0539 6.0 0.01 58.82 17.78 0.35 14.44 0.61 0.01 1.44 165.00 3.26 20.11·- 113.66 2.25 3.99 58.83 1.16 6.19 
D 9 4.8064 15.4 0.32 57.25 16.69 0.35 10.47 0.24 0.00 1.82 103.89 2.16 3.09 79.63 1.66 8.74 
E 9 6.0688 24.4 0.40 67.40 16.74 0.28 14.62 1.50 0.02 10.34 171.25 2.82 18.00 219.99 3.62 6.08 97.33 1.60 8.48 
F 9 4.2200 5.2 0.12 56.52 7.97 0.19 8.33 0.45 0.01 5.49 141. 43 3.35 17.48 147.64 3.50 6.54 83.50 1.98 11.98 
G 9 5.1964 14.0 0.27 62.22 10.70 0.21 9.50 2.00 0.04 8.66 159 .14 3.06 21.62 159.62 3.07 5.09 94.17 1.81 9,14 
H 9 6.2570 23.6 0.38 66.48 26.99 0.43 12.44 0.25 - 1.83 176.20 2.82 18.03 366.53 5.86 10.29 293.07 4.68 22.72 
I 9 4.4178 7.33 0.17 63.74 13.40 0.30 8.67 142.67 3.23 18.51 125.64 2.84 5.17 100.33 2.27 15.22 
J 9 4.0852 5.6 0.14 62.92 7.93 0.19 7.65 0.34 0.01 5.48 120.40 2.95 17.05 80.66 1.97 3.33 36.24 0.89 5.62 
Average 9 20.17 0.32 15.55 0.31 10.92 0.77 0.01 5.01 180 .11 3.20 18.89 164.70 3.16 105.39 2.01 
Averaged 20.27 0.46 16.82 0.39 14.47 1.33 0.03 13.68 99.57 2.32 49.33 1.15 
No. 9 16 16 9 9 9 7 7 7 13 13 13 8 8 8 8 
No. d 3 3 3 3 3 3 3 3 1 1 1 l 
w 
s.o. 9 21.05 0.23 6.33 0.10 0.70 0.01 46.52 0.35 91.81 1.25 78.86 1.17 0) !-' 
























APPENDIX V: Equations of ,Regress~on 
Fat Body Weight 
Skink 
Month Female 
Ja::-iuary y = 3.29 + 1.08 X 
February y = 2.49 + 1.15 X 
March y = 1.08 + 1.10 X 
April y = 3.50 + 1.13 X 
May y = 22.45 + 1.01 X 
June y = 3.85 + 1.11 X 
July y = 8 .16 + 1.06 X 
August y = 0.14 + 1.16 X 
September y = 1.94 + 1.06 X 
October y = 4.10 + 1.23 X 
November y = 2.93 + 1.15 X 
December y = 0.92 + 1.21 X 
X = fat body lipid weight (mg) 
Y = fat body wieght (mg) 
382 . 
of Fat Body Lipid Weight on 
Male 
y = 5.57 + 1.03 X 
y = 3.81 + 1.12 X 
y = -1.92 + 1.23 X 
y = 4.18 + 1.12 X 
y = 0,90 + 1.14 X 
y = 3.04 + 1.16 X 
y = 6.11 + 1.05 X 
y = 3.07 + 1.05 X 
y = 2.78 + 1.05 X 
y = 2.24 + 1.21 X 
y = 3.95 + 1.12 X 































APPENDIX V: (contd.) 
Equations of Regression of Fat Body Lipid Weight 
Fat Body Weight 
Gecko 
Month Female 
January y = 5.17 + 1.08 X 
February y = 4.82 + 1.11 X 
March y = 4.46 + 1.04 X 
April y = 4.42 + 1.14 X 
May y = 2.32 + 1.39 X 
June y = 2.10 + 1.58 X 
July y = 3.61 + 0.95 X 
August y - 1. 89 + 1.62 X 
September y = 3.81 + 1.07 X 
October y = 6. 71 + 1.13 X 
November y = 4.36 + 1.38 X 
December y = 2.59 + 1.26 X 
X = fat body lipid weight (mg) 
Y = fat body weight (mg) 
Ma].e 
y = 3.91 + 1.20 X 
y = 3.82 + 1.14 X 
y = 3.39 + 1.13 X 
y = 7 .11 + 1.02 X 
y = 1.53 + 1.27 X 
y = 2.21 + 1.26 X 
y = 2.26 + 1.26 X 
y = 1.03 + 1.26 X 
y = 4.31 + 1.21 X 
y = 3.18 + 1.20 X 
y = 5. 74 + 1.13 X 




J, APPENDIX VI: Weight of each Lipid Component in f§male Skink Carcass, 
<> Tail, Fat Body,Liver and Ovary (mg) 
" 
~ 
Month Lipid Carcass Tail Fat Body Liver Total * Ovary 
~ 
j. January PL 29.23 2.34 12.84 2.97 47.38 
Ch 11.29 2.34 5.31 1.17 20.11 ., NEFA 7.31 0.78 3.10 2.03 13.22 
> ' TG 16.62 72.50 23.03 1.02 113 .17 
'I':_ .. CE 1.99 .01 0.63 2.63 
y--- .. 
I Total Lipid r• 66.44 77 .96 44.29 7.82 in Organ. 
, 
May PL 41.54 35.27 56.10 
t 
4.72 132. 9lt 
'; 
Ch 13 .60 8.14 18.34 40.08t 7.21 
NEFA 4.53 9.04 11.87 25.44t 
'.\ TG 12 .84 35.27 20.50 68.6lt 1.05 
CE 3.02 2.71 .07 5.80 0.13 
i~ 
Total Lipid 
in Organ. 75.53 90.43 106.88 13.10 
" 
" 
July PL 25.24 12. 78 18.04 1.96 58.02 8.13 
,,. Ch 11.69 4.97 7.36 2.52 26.54 0.38 
NEFA 3.08 2.84 3.95 0.28 10.15 0.13 
TG 20.31 49.72 27 .11 4.29 101. 43 3.38 
' CE 1.23 o. 71 .02 0.27 2.23 a.so J 
Total Lipid 
61.55 71.02 56.48 9. 32 12.51 -~ in Organ. 
~ 
September PL 26.84 11.92 11.64 2. 38 52.78 15.47 
t 
Ch 6.22 4.99 2.21 0.95 14. 37 2.69 
I NEFA 0.78 1.ll 2.41 0.16 4.46 1.57 ; 
TG 5.06 9. 71 3.21 4.28 22.26 2.02 
CE 0.60 0.15 0.75 0.67 
j Total Lipid 
in Organ. 38.90 27.73 20.07 7.92 22.42 
l '., 
PL = Phospholipids; Ch = Cholesterol; NEFA = Non-esterified Fatty " ~ Acids 
TG = 'rriglycerides; CE= Cholesterol Esters > 
* Total weight of each lipid component in body (ovary omitted) = 
t 
Liver lipid omitted = 
385. 
~ 
• APPENDIX VI: Weight of each Lipid Component in Male Skink Carcass, 
., Tail, Fat Body and Liver (mg) 
~ 
,. 
Month Lipid Carcass Tail Fat Body Liver * Total 
.. 
January PL 39.64 3.67 18.72 3 .11 65.13 
Ch 15.32 3.67 7.75 1.27 28.01 
). •. NEFA 9.91 1.22 4.52 2.12 17. 77 
, ~~· TG 22.53 113. 85 33.57 1.07 171. 01 
". CE 2.70 .01 0.65 3.36 
! 
·~-, Total Lipid 
in Organ. 90.10 122.42 64.55 8.21 
" ,. 
May PL 35.32 21.01 19. 73 t t 76.06-i-
Ch 11.56 4.85 6.45 22.86t 
> NEFA 3.85 5.39 4 .17 13.4lt 
TG 10.92 21.01 7.21 39 .14-i-
~ CE 2.56 1.62 .38 4.56 
Total Lipid 
64.21 53.88 37.94 .. in Organ . 
. 
July PL 22.47 5.89 5.62 2.67 36.65 
Ch 10.41 2.28 2.28 3.44 18.41 
NEFA 2.74 1. 31 1.23 0.38 5.66 
'"I 
i TG 18.09 22.89 8.42 5.86 55.26 
CE 1.10 
. '- 0.33 0.38 1.81 
Total Lipi.d 
54.81 32.70 17.55 12.73 in Organ. 
t September PL 35.59 11. 71 9.22 1.07 57.59 
Ch 8.25 4.90 1. 75 0.43 15, 33 
NEFA 1.03 1.09 1.91 0.07 4 .10 
TG 6. 71 9.53 2.54 1.94 20.72 
CE .47 0.07 .54 
J Total Lipid 
in Organ. 51.58 27.23 15.89 3.58 
PL == Phospholipids; Ch = Cholesterol; NEFA = Non-esterified Fatty Acids 
TG = Triglycerides; CE = Cholesterol Esters 
* Total weight of = each component in body 
-i- Liver lipid omitted = 
386. 
" 
• APPENDIX VI: Weight of each Lipid Component in Female Gecko Carcass, 
., Tail, Fat Body, Liver and Ovary (mg) 
• 
Lipid Tail Liver * Month Carcass Fat Body Total Ovary· 
A. 
January PL 39 .17 22.62 5.50 2.28 69.57 10.44 
Ch 22.39 18.10 2.10 2.09 44.68 6 .96 
-' 
). . NEPA 16.79 1.51 1.57 0.57 20.44 4.64 
TG 195.87 105.57 16.76 13 .52 331. 72 92.78 ,-., 
CE 5.60 3.02 0.26 0.57 9.45 1.16 ' . ; 
Total Lipid 
in Organ. 279.82 150.82 26.19 19.03 115.98 
'• 
May PL 60.65 6.80 4.38 2.63 74.46 
~ 
l Ch 37.70 18.46 1. 33 6.14 63.63 
NEPA 13.11 1.94 
; 
1.33 2.05 18.43 
TG 50.83 65 .11 .2.96 3.80 122.70 
CE 1.64 4.86 0.20 .01 6. 71 
Total Lipid 
163.93 97.17 10.20 14.63 .. -in Organ. 
.. July PL 36.45 11.67 1.34 3.48 52.94 36.85 
Ch 11. 76 5.06 0.38 2.42 19.62 7.59 
NEPA 4.70 3.50 0.19 8.39 10.84 
,., TG 63.50 18.28 4.39 9.22 95.39 52.02 4 
CE 1.18 0.38 0.06 1.62 1.08 
\, 
Total Lipid 
117.59 38.89 6.36 15.12 108.38 
~ in Organ. 
i September PL 31.63 3. 71 0.80 2.28 38.42 37.41 
Ch 3.51 2.65 0.27 0.46 6.89 20.15 
' NEPA 5.86 0.53 0.57 0.11 7.07 12.95 
TG 73.80 19.62 0.57 7.97 101.96 73. 39 
CE 2.34 0.07 0.56 2.97 
I Total Lipid 117 .14 26.51 2.28 11.38 143.90 in Organ. 
,· 
I 
PL = Phospholipids; Ch = Cholesterol; NEFA = Non-esterified Fatty Acids 
TG = Triglycerides; CE = Cholesterol Esters 
* = Total weight of each lipid component in body (ovary omitted) 
I ~ 
I : r~ 
I ~ 
I 






APPENDIX VI: Weight of each Lipid Component in Male Gecko Carcass, 
Tail, Fat Body and Liver (mg) 















































































































































PL= Phospholipids; Ch= Cholesterol; NEFA = Non-esterified Fatty 
Acids 
TG = Triglycerides; CE= Cholesterol Esters 
* = Total weight of each lipid component in body 
j 
Ji 1-,_ '"' -...(__ 
-' Y, f_ '{ :J' -l -:.,....... ., .. ,!•--···, " \ I.. '.ef ....._:,- " -,- ~· ..,- ' 
~ \- ' '" ~ >j,__ i; ,I_ 
APPENDIX VII: Skfnk Liver· Glycogent 
January February March April May June July August September October November December 
1971 1 28.38"' 17 .08 21.11 * 30.15 13.60 14.04 
2 * * 18.92 9.30 12.59 27.73 
* * * 3 16.03 26.68 2.86 33.72 7.28 15.49 23.00 
4 * * * * 25.62 6.83 11.25 16.60 20.33 
5 * * * * 22.83 21.65 37 .02 21.51 11.73 16.60 
6 * * * * 21. 74 7.02 20.84 16,93 23.48 17.88 
7 * * 29.04* * * * 23.51 16.52 25.03 21. 71 29.69 
8 * * * 7.61 17.79 22.83 20.64 11.20 13.94 
* 9 10.04 26.01 18.36 33.19 21.70 21.02 
* 10 23.43 
22 .14* 16.46* * * * 1972 1 20.84 13.93 14.73 15.07 1.15 2.44 
28.35 * * * * * 2 31.04 13.12 15.49 13.83 1.87 2.93 
* * 13 .64* 25.58* * 3 22.87 11.15 17.89 27.25 3.12 1.63 
* * * * 4 25.61 18.22 23.68 14.36 25.90 21.21 10.27 2.39 
* * * * 5 21.32 13.19 27.26 17.10 17.13 1.79 
* 13.19* * 6 12.08 16.89 18.86 20.93 4.22 
* * * 7 33.06 16.03 28.16 13 ,84 25.04 1.69 
* * * 8 28.42 11.44 20.73 19.57 20.18 27 .18 2.40 
* 9 19 .17 31.25 15.08 18.94 1.69 
* * 10 20.97 11.25 39.85 22.91 22.97 
Mean Female 24.47 14.06 25.72 14.65 17.70 22.14 8.86 2.12 24.53 15.22 14.54 19.91 
Mean Male 24.55 12.42 26.06 19.19 20.54 19.02 13.76 2.45 26.55 27.99 18.85 21.59 
Number female 4 5 5 6 5 8 10 2 3 6 5 6 
Number male 5 3 5 3 4 8 7 4 5 3 4 3 
s.o. female 3.25 3.10 6.16 1. 72 4.80 4.91 7.41 0.46 4.08 7 .11 4.33 5.44 
S.D. male 5.92 1.37 8.59 3.93 3.79 7.40 11.08 0.60 8.28 6.55 4.55 6.95 
t Expressed in mg of glucose as% total body weight w (X) 
* Female (X) 






























' _.;··--\.- \_ " \ -"--..,. 
... 
Gecko Liver Glycogen' 
January February March April May 
* 12.37 11.04 18.77 4,39 12.52 
* 19.17 6.83 15.27 9.67 
* * 15.45 4.60 29.15 10,48 6. 72 
* * * 20.88 6.11 14.67 10,91 
* * * * * 14. 21 8.72 15.84 10.95 11.68 
"' * .. * 24.48 10.10 20.12 11.46 8,69 
* * * 11. 77 8.99 20.92 12.46 18.26 
* * 11.87 7.80 20.62 9.11 12.08 
* * * 10.49 7.59 10.07 10, 75 
14.56 7.61 21. 51 12 .48 10.84 .. 
16.97 8.43 19.70 7.99 11. 58 
5 5 4 6 4 
4 4 2 3 5 
5.70 2.46 5.56 2.09 1.51 
3.81 1.42 1.31 3.19 4.29 



























.L .. }- I,.- y 1 \. r " ~ .. " 
July August September October November December 
* * 1. 54 13.63 11.31 16.53 
* .. * * * * 3.84 10.20 4.30 3.34 5.88 10.73 
* .. * .. 15.66 4.35 13.49 1.83 13.82 8.22 
* * * 2.40 10.20 9.60 19.32 18.75 .. .. * 10.06 1. 77 15 .16 19.61 3.49 9.37 
* * * * 9.54 1.52 16.21 9.67 2.18 20.29 
* * * 1.27 1.59 11.45 7.90 11.25 11.91 
* * * * 1.64 4.02 13.55 7.55 11.23 10.58 













10.20 4.03 10.79 7.32 10.77 14.56 
9.61 0.92 11.66 14.10 10.22 16.53 
9 8 4 6 3 8 
8 2 5 3 6 
6.56 3.02 4.79 4.28 4.65 6.56 


























APPENDIX VIII: Skink Seminiferous Tubule, Epididymis and Renal Sex 
Segment Dimensions 
Seminiferous Tubule Epididymis Renal Sex Segment 
Month 
Diameter Epithelium Diameter Epithelium Diameter Epithelium 
(]Jm) Height (]Jm) (]Jm) Height (µm) (µm) Height (pm) 
January 228.53 66.88 70.81 15.84 53.94 20.53 
February 245.94 55.13 172.69 3o.:n 103.94 35.69 
March 215.56 41.41 172. 38 26.63 98.69 34.66 
April 90.81 38.59 97.28 21.56 95.53 31.94 
May 120.00 49.59 99.09 25.38 87.81 32.13 
June 118.22 45.78 99.44 23.34 91.34 32.75 
July 124.63 47.06 93.13 17.50 57.34 18.94 
August 
September 125.97 51.59 83.34 15.94 47.94 16.88 
October 
November 160.31 57.38 45.19 13.22 40.56 14.38 




































Gecko Seminiferous Tubule, Epididymis and Renal Sex 
Segment Dimensions 
Seminiferous tubule Epididymis Renal Sex Segment 
Diameter Epithelium Diameter Epithelium Diameter Epithelium 
(]Jm) Height (]Jm) (]Jm) Height (µm) (µm) Height (µm) 
192.36 49.53 149.13 39.63 140.47 50.84 
180.47 34.50 140.94 33.16 116.19 41.03 
155.63 12.97 131.25 41.50 114.59 35.53 
168.28 52.22 111.13 32.88 
130. 41 57.97 88.44 30.31 101.25 34.00 
127.44 no lumen 77.88 28.13 76.06 24.63 
142.81 no lumen 87.66 30.16 80.84 24.84 
150. 72 56.31 103.81 18.75 84.38 31.47 
91.22 32.94 
181.66 61.06 133.00 46.00 126.94 35.16 
··---
